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ABSTRACT 


In  an  earlier  investigation  in  this  laboratory 
it  was  observed  that  following  catheterization  of  the  renal 
vein  or  artery  oliguria  to  frank  anuria  developed  notwith¬ 
standing  a  relatively  high  total  renal  blood  flow  measured 
directly  with  a  bubble  flowmeter.  It  was  postulated  that 
this  observation  might  be  explained  by  operation  of  the 
"Oxford  shunt",  perhaps  initiated  through  some  neurogenic 
mechanism. 

In  order  to  investigate  the  role  of  the  "Oxford 
shunt"  in  this  case  of  experimental  acute  renal  failure,  the 
various  unilateral  renal  functions,  including  urine  flow, 
glomerular  filtration  rate  (clearance  of  creatinine), 
f active  renal  blood  flow  (extraction  of  PAH),  renal  resistance 
to  blood  flow  and  filtration  fraction,  were  measured  before 
and  after  catheterization  of  the  left  renal  vein  in  mongrel 
dogs  anaesthetized  with  sodium  pentobarbital. 

Control  experiments  indicated  that  before  cathet¬ 
erization  of  the  left  renal  vein  there  was  no  significant 
difference  between  any  of  these  left  and  right  renal  functions. 
However,  after  catheterization  of  the  left  renal  vein  the 
left  urine  flow,  glomerular  filtration  rate  and  filtration 
fraction  were  significantly  lower  than  these  same  functions 
in  the  right  kidney  and  also  significantly  lower  than 
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control  values •  The  left  extraction  ratio  of  PAH  was  low, 
but  the  left  total  renal  blood  flow  measured  directly  with 
a  bubble  flowmeter  was  only  moderately  reduced.  The  right 
kidney  continued  to  function  almost  normally.  It  was  found 
that  administration  of  the  osmotic  diuretic,  mannitol,  did 
not  qualitatively  change  the  results. 

In  addition,  it  was  found  that  infusion  of  3  mis 
of  2  per  cent  xylocaine  near  the  hilus  of  the  left  kidney 
30  minutes  prior  to  catheterization  of  the  left  renal  vein 
essentially  abolished  the  depression  of  left  renal  function 
which  previously  occured. 

From  these  observations  it  was  concluded  that  this 
case  of  acute  renal  failure  was  due  to  initiation  of  the 
"Oxford  shunt",  probably  through  some  neurogenic  mechanism. 
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INTRODUCTION  AND  STATEMENT  OF  THE  PROBLEM 

Although  today  a  great  deal  is  known  about  renal 
physiology,  there  still  remain  interesting  and  perplexing 
problems  which  are  not  well  understood.  One  of  these  is  the 
problem  of  acute  renal  failure,  the  mechanism  of  which  is  not 
clearly  known. 

The  work  to  be  presented  in  this  thesis  arose  from 
just  such  a  problem  encountered  by  C.  W.  Nash  when  he  was 
attempting  to  study  another  aspect  of  renal  physiology, 
namely,  the  effects  of  hypervolaemia  on  intrarenal  vascular 
resistance.  In  this  work  it  was  necessary  to  cannulate  the 
renal  vein  or  artery  in  order  to  measure  renal  blood  flow 
directly.  However,  oliguria  to  frank  anuria  developed  and 
persisted  although  the  renal  blood  flow  was  relatively  high. 
These  observations  indicated  that  this  case  of  acute  renal 
failure  was  probably  not  due  to  a  generalized  renal  vaso- 
constriction. 

In  referring  to  the  literature  for  an  explanation 
of  these  observations  the  Trueta  hypothesis  (1947),  that  the 
renal  blood  flow  might  under  certain  conditions  be  diverted 
through  less  functional  renal  tissue,  was  considered.  It 
seemed  entirely  possible  that  this  hypothesis,  called  the 
"Oxford  shunt”,  might  well  explain  the  observed  oliguria  in 
conjunction  with  a  relatively  high  renal  blood  flow. 
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It  was  also  noted  that  Friedman  et  al.  (1956)  had 
reported  a  reduction  in  renal  function  following  manipulation 
of  the  large  blood  vessels  in  the  area  lying  between  the 
renal  pedicle  and  femoral  triangle •  He  found  that  surgical 
dissection  of  the  renal  pedicle  regularly  produced  varying 
degrees  of  reduction  in  renal  function.  The  term  "venorenal 
reflex”  was  introduced  to  describe  the  phenomenon.  The  term 
is  not  meant  to  exclude  trigger  areas  other  than  those  in 
veins  from  consideration. 

Preliminary  work  done  by  the  author  indicated  that 
the  earlier  observed  oliguria  developed  only  in  that  kidney 
in  which  the  renal  vein  was  cannulated.  The  contralateral 
kidney  was  observed  to  produce  two  to  three  times  as  much 
urine.  These  observations  indicated  that  the  unilateral 
oliguria  was  probably  not  due  to  the  release  of  antidiuretic 
hormone  which  should  produce  a  bilateral  effect. I* 

In  view  of  these  literature  reports  and  the  prelim¬ 
inary  work  it  was  postulated  that  the  observed  oliguria 
might  be  due  to  initiation  of  the  "Oxford  shunt”  as  a  result 
of  the  surgical  manipulation  of  the  renal  vein  or  artery  and 
perhaps  stimulation  of  renal  nerves.  It  was  therefore  decided 
to  perform  a  series  of  experiments  in  the  dog  to  ascertain 
whether  or  not  any  correlation  existed  between  the  observed 
oliguria,  the  "venorenal  reflex”  and  the  "Oxford  shunt". 
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LITERATURE  SURVEY 

Early  Indications  of  Uneven  Distribution  of  Intrarenal 

Blood  Flow 

As  early  as  1924,  evidence  began  to  accumulate  to 
indicate  that  the  number  of  active  glomeruli  perfused  with 
blood  might  be  variable.  It  was  in  this  year  that  Richards 
and  Schmidt  demonstrated,  by  direct  observation  of  the 
frog’s  kidney,  that  the  number  of  glomeruli  through  which 
blood  flows,  and  hence  which  function  at  any  one  time,  might 
be  only  a  fraction  of  the  total  number  of  glomeruli.  They 
found  that  this  fraction  could  be  increased  by  various  vaso¬ 
dilator  agents  and  decreased  by  various  vaso-constrictor 
agents  .  The  number  of  capillary  pathways  within  a  single 
glomerulus  was  found  to  be  variable  in  an  analagous  manner, 
and  the  following  conclusion  was  drawn. 

"These  observations  provide  evidence  upon  which 
to  re-introduce  into  considerations  of  renal 
physiology  the  concept  held  by  Hermann  and 
doubtless  by  Ludwig  that  the  extent  of  filtration 
surface  in  the  kidney  is  variable  and  a  factor 
which  must  be  of  importance  in  the  adjustments  of 
renal  function  to  excretory  requirement.” 

In  1925,  Hayman  and  Starr  demonstrated,  by  the  use 
of  intra-vital  staining  of  the  rabbit  kidney  with  Janus  green 
B,  that  the  number  of  open  glomeruli  in  this  mammal  was 
variable  in  a  way  similar  to  that  observed  in  the  frog  by 
Richards  and  Schmidt.  Thus,  the  number  could  be  increased 
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by  administration  of  caffeine  or  salt  solution,  used  as  vaso¬ 
dilators,  and  decreased  by  the  vaso-constrictor  agents, 
adrenaline  and  carbon  dioxide*  In  addition,  these  workers 
estimated  the  renal  blood  flow  by  plethysmography  and  found 
no  parallel  between  the  per  cent  glomeruli  open  and  blood 
flow  per  individual  open  glomerulus.  Rather,  the  data 
indicated  that  the  fewer  the  number  of  glomeruli  open,  the 
greater  was  the  blood  flow  through  each  one.  Since  these 
workers  were  counting  the  number  of  glomeruli  in  the  cortex 
dissected  free  from  the  rest  of  the  kidney,  and  possibly  did 
not  include  the  glomeruli  lying  in  the  deeper  part  of  the 
cortex,  and  the  renal  blood  flow  estimation  was  for  the  whole 
kidney,  the  author  feels  that  the  data  could  indicate  an 
intrarenal  diversion  of  the  blood  flow  through  channels 
other  than  the  peripheral  cortical  glomeruli. 

Evidence  for  the  existence  of  two  alternate  path¬ 
ways  for  the  intrarenal  circulation  of  blood  was  presented 
by  Ernst  Frey  in  1936.  With  the  aid  of  India  ink  and 
colloidal  silver  injections,  Frey  observed  a  difference  in 
the  normal  intrarenal  vasculature  of  the  rabbit  during  water 
diuresis  and  during  concentration  of  the  urine  following 
administration  of  posterior  pituitary  hormone.  His  injected 
specimens  showed  the  cortical  glomeruli  to  be  poorly  filled, 
while  a  zone  in  the  cortex  just  below  the  layer  of  peripheral 
cortical  glomeruli  was  very  well  filled  during  water  diuresis. 
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In  this  latter  zone  the  vessels  leaving  the  arteries  for 
the  medulla  and  capillaries  of  the  cortex  were  markedly 
distended.  Conversely,  during  concentration,  either  norm¬ 
ally  or  induced  by  injection  of  posterior  pituitary  hormone 
into  the  renal  vein,  the  glomeruli  were  observed  to  be  well 
filled  and  the  layer  in  the  cortex  just  below  the  glomeruli 
poorly  filled.  He  therefore  concluded  that  this  zone  between 
the  cortex  and  the  medulla  was  the  11  switching  place*’,  or  in 
his  words,  the  ’’schaltstelle”,  for  the  blood  flow.  Frey’s 
interesting  hypothesis  of  the  physiological  significance  of 
these  findings  was  as  follows. 

”0n  water  diuresis  there  is  a  large  blood  flow  to 
the  tubular  capillaries  resulting  in  increased 
pressure.  When  posterior  pituitary  hormone  switches 
the  kidney  to  concentration,  the  flow  and  pressure 
in  the  capillaries  around  the  tubules  is  throttled 
and  the  inside  pressure  in  the  tubules  predominates, 
causing  a  reabsorption  of  water  and  concentration 
of  provisional  urine.” 

From  the  time  of  Frey’s  work  in  1936  until  1947, 
little  direct  evidence  was  found  in  the  literature  to  indicate 
that  deviations  in  the  pathway  of  intrarenal  blood  flow 
might  occur.  There  were  indirect  pieces  of  evidence 
during  this  period,  and  some  of  these  will  be  discussed  later 
in  this  thesis. 
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The  "Oxford  Shunt  Theory11  (  Trueta,  Barclay,  Franklin  and 

Prichard-  1947*) 

In  1945,  Trueta,  together  with  a  clinician,  a 
radiologist,  a  physiologist  and  a  pathologist,  set  out  to 
investigate  the  neurovascular  control  of  the  renal  circulation. 
In  1947,  the  results  of  this  cooperative  research  were  pub¬ 
lished  in  a  book,  "Studies  on  the  Renal  Circulation".  The 
work  reported  in  this  book  consisted  of  anatomical  studies 
of  the  intrarenal  circulation  in  the  rabbit  and  rat.  Angio¬ 
grams  were  taken,  using  Thorotrast  as  the  contrast  medium, 
and  radial  sections  of  the  kidney  were  examined  following 
injection  of  a  dye,  usually  India  ink,  into  the  kidney  by 
the  animals  own  arterial  blood  pressure. 

During  preliminary  "Crush  Syndrome”  experiments, 
direct  cineradiography  showed  that  the  time  interval  between 
appearance  of  contrast  medium  in  the  renal  artery  and  its 
first  appearance  in  the  renal  vein,  was  definitely  shorter 
after  application  of  a  tourniquet  to  the  thigh  of  a  rabbit. 

This  time  interval  was  found  to  decrease  even  further  when 
the  tourniquet  was  removed.  The  faster  circulation  of  the 
contrast  medium  through  the  kidney  occurred  despite  an 
intense  constriction  of  the  renal  artery. 

It  was  further  observed  that,  following  stimulation 
of  the  central  end  of  the  divided  left  sciatic  nerve,  the 
right  kidney  was  intensely  and  diffusely  stained.  In  contrast. 
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the  left  kidney  showed  the  staining  to  be  confined  to  the 
deepest  layer  of  the  cortex  and  the  subcortical  zone  of  the 
medulla.  Direct  observation  of  the  kidney  revealed,  that 
under  certain  conditions,  the  surface  paled,  and  that  while 
the  kidney  was  pale,  red  blood  might  appear  in  the  renal  vein 
in  the  form  of  red  streamlines  which  sometimes  completely 
filled  the  renal  vein.  With  a  change  in  tense,  the  author 
would  like  to  quote  the  conclusion  made  by  Trueta  and  his 
colleagues  on  the  basis  of  these  observations. 

"A  diversion  of  the  blood  flow  from  the  cortex,  the 
most  active  part  of  the  kidney,  to  the  medullary 
pathway,  with  a  possibly  increased  speed  of  flow  through 
these  channels,  seemed  to  us  a  logical  explanation 
of  the  phenomenon."  (p  30) 

Further  anatomical  studies,  by  these  workers, 
indicated  that  a  number  of  experimental  procedures  could 
result  in  such  a  diversion  of  the  intrarenal  blood  flow 
from  the  cortex  to  the  medulla,  with  a  resultant  cortical 
ischaemia  of  varying  degrees.  These  included,  application 
of  a  tourniquet  to  a  hind  limb,  severe  rapid  haemorrhage, 
stimulation  of  various  nerves,  including  the  central  end  of 
the  divided  sciatic  nerve,  the  distal  end  of  the  divided 
splanchnic  nerve,  and  the  nervous  plexus  surrounding  the 
renal  artery,  and  in  addition,  administration  of  certain 
drugs,  including  adrenaline,  pituitrin,  and  pitressin,  in 
high  dosages.  Further,  one  of  the  most  striking  examples  of 
this  type  of  diversion  of  the  intrarenal  blood  flow  was 
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observed  following  administration  of  staphylococcus  toxin. 
Indeed,  the  effect  was  so  great  that  twenty-four  hours 
after  injection  of  the  toxin  into  susceptible  animals  by  far 
the  greater  part  of  the  cortex  had  become  necrotic  as  a 
result  of  the  diversion.  In  marked  contrast  to  the  conditions 
in  the  cortex,  the  circulation  through  the  medulla  continued, 
and  this  region  of  the  kidney  was  living  and  healthy.  Con- 
versly,  diversion  of  the  intrarenal  blood  flow  from  the  medulla 
to  the  cortex,  was  also  observed.  Thus  if  the  splanchnic 
nerves  were  divided  prior  to  traumatizing  the  hind  limb,  a 
marked  increase  in  the  cortical  shadow  and  decrease  in  the 
medullary  shadow  was  observed. 

Finally,  morphological  studies  revealed  two  types 
of  nephron  units,  designated  cortical  and  juxtamedullary. 
Whereas  the  efferent  arteriole  of  a  cortical  glomerulus  was 
found  to  be  very  much  smaller  than  its  corresponding  afferent 
arteriole,  the  efferent  arteriole  of  a  juxtamedullary  glomer¬ 
ulus  was  found  to  be  nearly  as  large  as  its  corresponding 
afferent  arteriole.  Further,  the  efferent  arteriole  of  a 
cortical  glomerulus  was  found  to  empty  into  capillaries  of 
small  calibre,  forming  part  of  the  cortical  intertubular 
capillary  network.  In  contrast,  the  efferent  arteriole  of  a 
juxtamedullary  glomerulus,  was  observed  to  proceed  toward  the 
medulla  for  some  distance  as  a  single  trunk,  and  then  break 
up  into  a  group  of  parallel  vessels,  the  vasa  recta,  the 
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calibre  of  each  of  which  was  little  smaller  than  its  parent 
trunk. 

Marked  differences  in  the  tubules  emerging  from 
the  two  types  of  glomeruli  were  also  observed.  The  loops  of 
Henle  of  tubules  arising  from  cortical  glomeruli  were  found 
to  pass  only  a  relatively  short  distance  into  the  medulla 
and  their  thin  segments  were  very  short.  On  the  other  hand, 
the  loops  of  Henle  arising  from  tubules  of  juxtamedullary 
glomeruli  were  observed  to  descend  deeply  into  the  medulla 
and  the  greater  part  of  each  one  of  these  loops  was  found  to 
be  made  up  of  the  thin  segment.  It  was  also  observed  that 
the  straightness  or  tortuosity  of  the  tubules  in  the  juxta¬ 
medullary  zone  paralleled  the  straightness  or  tortuosity  of 
the  efferent  juxtamedullary  or  cortical  arterioles  respective¬ 
ly.  The  straightness  of  the  vasa  recta  as  they  passed 
deeper  into  the  medulla  was  also  paralleled  by  the  straight¬ 
ness  of  the  adjacent  portion  of  medullary  tubules.  One 
feature  common  to  both  of  these  types  of  nephrons  was  pointed 
out.  In  both  cases  part  of  the  loop  of  Henle  lay  in  the 
medulla.  In  every  case  the  thin  segment  of  the  loops  was 
found  to  be  supplied  by  blood  circulating  through  the  medullary 
pathway.  Finally,  the  proximity  of  the  vasa  recta,  part¬ 
icularly  the  venous  side,  to  the  loops  of  Henle,  and  in  part¬ 
icular  to  their  thin  segments,  suggested  to  Trueta  and  his 
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associates  that  the  vasa  recta  may  normally  play  an  important 
role  in  the  reabsorption  of  water. 

In  summary,  Trueta,  Barclay,  Daniel,  Franklin  and 
Prichard,  made  the  following  conclusion  on  the  basis  of  their 
anatomical  studies. 

"The  blood  reaching  the  kidney  has  two  potential 
routes  through  that  organ  and,  according  to  cir¬ 
cumstances,  it  may  pass  almost  exclusively  by  one 
or  other  of  these  routes,  or  in  varying  proportions 
through  each  of  them. 

The  two  routes  diverge  where  the  afferent 
arterioles  of  the  juxtamedullary  glomeruli  leave 
the  interlobular  arteries.  One  route,  the  medullary, 
continues  through  the  juxtamedullary  glomeruli, 
the  efferent  vessels  of  these  glomeruli  and  their 
derivative  vasa  recta,  to  the  interlobular  veins. 

The  other  route,  the  cortical,  continues  through 
the  interlobular  arteries,  the  afferent  arterioles 
of  the  remaining  glomeruli,  these  glomeruli  themselves, 
their  efferent  vessels  and  the  cortical  intertubular 
capillary  network  into  which  these  break  up,  and 
finally  through  the  veins  draining  this  network  into 
the  interlobular  veins.  The  rest  of  both  routes, 
like  their  beginning,  is  identical  and  is  through 
ever  larger  venous  trunks  to  the  main  renal  vein." 

(page  126) 

Since  1947,  when  Trueta  and  his  associates  stated 
this  hypothesis,  a  great  deal  of  work  has  been  done  in  an 
attempt  to  either  confirm  or  disprove  the  theory.  Evidence 
in  support  of  and  against  the  "Oxford  shunt  theory"  will 
now  be  discussed. 


-11- 


Evidence  in  Support  of  the  "Oxford  Shunt  Theory" 

In  194$,  Stock  found  that  he  could  reproduce  the 
"Oxford  Shunt"  in  rabbits  by  stimulation  of  the  splanchnic 
nerve,  or  by  application  of  a  limb  tourniquet.  Further, 
and  perhaps  more  important,  he  found  that  administration  of 
tetraethylammonium  bromide  (TEAB),  in  a  dose  of  20  mgm.  per 
kilogram  body  weight,  before,  or  even  one  to  two  hours  after 
application  of  a  tourniquet,  prevented  the  development  of 
renal  cortical  ischaemia.  In  this  case,  the  medulla  and 
cortex  were  normally  stained.  Thus,  not  only  was  Stock 
able  to  reproduce  the  work  of  Trueta  et  al. ,  but  he  was  able 
to  block  the  effect  with  TEAB.  This  latter  fact  indicates 
that  the  mechanism  which  initiates  the  "shunt"  operates 
through  some  pathway  in  the  autonomic  nervous  system  with 
an  interposing  autonomic  ganglion. 

Further,  work  by  Cort  and  Baron  in  194$  on  the 
neural  control  of  the  renal  "shunt"  indicated  that  the  efferent 
nervous  pathway  was  via  the  splanchnic  roots,  T]_Qto  T]_2* 

While  the  initial  response  in  the  rabbit  and  cat  due  to  stim¬ 
ulation  of  a  spinal  afferent  was  unilateral,  the  response 
was  observed  to  become  bilateral  after  five  to  ten  minutes 
stimulation  in  the  cat,  and  three  to  four  and  one  half  hours 
stimulation  in  the  rabbit.  They  found  that  the  crossing  of 
impulses  apparently  occurred  in  the  cord.  Finally,  Cort  and 
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Baron  found  that  the  anuria,  which  followed  an  approximation 
of  the  "crush  syndrome"  in  cats,  could  be  relieved  by  novo- 
cainization  of  either  the  splanchnics,  or  of  the  spinal  roots, 

T10  to  T12* 

In  1949  Black  and  Saunders  set  out  to  determine  by 
functional  rather  than  anatomical  studies  whether  or  not  the 
"Oxford  shunt"  could  be  brought  into  play  in  a  species  other 
than  the  rabbit.  It  was  found  that  stimulation  of  the  sciatic 
nerve  in  the  rabbit  or  cat  resulted  in  a  decreased  clearance 
of  inulin  and  p-amminohippurate  (PAH).  The  latter  decrease 
was  greatest  and,  therefore,  the  filtration  fraction  increased. 
Since  these  results  could  possibly  be  explained  on  the  basis 
of  efferent  arteriolar  constriction,  further  work  was  done 
in  which  the  renal  blood  flow  was  measured  directly.  Thus, 
they  observed  that  the  extraction  ratio  of  PAH  was  low  in 
six  of  eight  cats  studied,  although  there  was  a  normal  renal 
blood  flow.  The  picture  was  sometimes  induced  by  stimulation, 
but  often  was  present  with  no  stimulus  other  than  the  oper¬ 
ative  trauma.  The  results  indicated  a  smaller  impairment  of 
filtration  than  of  tubular  excretion,  a  result  which  one 
might  expect  from  the  morphological  studies  done  by  Trueta 
et  al.  In  conclusion.  Black  and  Saunders  suggested  that  a 
low  clearance  of  inulin  and  PAH,  with  some  increase  in  the 
filtration  fraction,  and  an  extraction  ratio  of  PAH  of  less 
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than  BO  per  cent,  in  the  absence  of  gross  changes  in  the 
circulation,  should  be  the  criteria  for  demonstrating  intra- 
renal  "shunting”*  In  addition,  they  said  that  a  gross 
decrease  in  the  extraction  ratio  of  PAH,  with  NO  gross 
decrease  in  the  total  renal  blood  flow  as  evidenced  by  a 
normal  arterial  blood  pressure,  would  provide  real  evidence 
of  a  cortical  by-pass,  as  suggested  by  Trueta  and  his 
colleagues. 

A  most  complete  anatomical  study  of  the  intrarenal 
circulation,  with  special  reference  to  the  "Trueta  hypothesis," 
has  been  done  by  Goodwin,  Sloan  and  Scott  ( 1949 ) •  These 
workers  have  studied  the  renal  vasculature  in  forty  dogs, 
forty  rabbits,  four  cats  and  four  monkeys.  Inconsistent  re¬ 
sults  were  obtained  following  the  application  of  a  leg  tour¬ 
niquet  or  stimulation  of  the  central  end  of  the  cut  sciatic 
nerve.  Thus,  the  Oxford  picture  was  only  observed  imce.:,> 
in  fifteen  rabbits  and  ten  dogs  studied  under  these  conditions. 
The  results  of  splanchnic  nerve  stimulation  in  two  dogs  were 
indefinite.  The  most  striking  and  consistent  results  were 
obtained  by  these  investigators  when  they  stimulated  the  renal 
nerves  directly.  Thus,  following  this  procedure,  they  observed 
a  definite  unilateral  cortical  ischaemia,  with  pools  of  dye 
in  the  medullary  area,  in  all  rabbits,  cats,  dogs  and  monkeys 
subjected  to  the  procedure.  On  the  basis  of  their  anatomical 
studies,  Goodwin,  Sloan  and  Scott  drew  the  following  conclusion. 
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”We  believe  our  experiments  have  demonstrated  a 
neurovascular  control  of  the  renal  circulation* 
Under  the  conditions  of  these  experiments,  renal 
nerve  and  splanchnic  nerve  stimulation,  a  renal 
ischaemia  is  readily  observed*  It  appears  first 
in  the  cortex  which  may  become  totally  ischaemic 
while  there  is  still  circulating  blood  in  the 
juxtamedullary  glomeruli*  If  the  stimulus  is  of 
great  intensity  and  duration,  the  kidney  may 
become  totally  ischaemic.  We  do  not  know  whether 
this  represents  a  M shunt”,  such  as  that  described 
by  Trueta,  or  whether  it  merely  represents  a  pro¬ 
gressive  peripheral  vasoconstriction  of  the  renal 
vascular  system.” 


Anoxia  and  the  ”Qxford  Shunt” 


As  early  as  1935,  it  was  observed  that,  in  forty- 
five  of  fifty  experiments  on  twelve  dogs,  administration  of 
a  low  oxygen  mixture  produced  an  oliguria  (VanLiere,  Parker, 
Crisler  and  Hall).  Since  the  onset  of  the  oliguria  was  al¬ 
most  immediate,  these  workers  concluded  it  was  due  to  a 
vasoconstriction  produced  by  a  reflex  nervous  mechanism, 
which  was  then  followed  and  enhanced  by  the  release  of  epi¬ 
nephrine.  In  1940,  Toth  demonstrated  that  oliguria  developed 
as  a  result  of  anoxia  produced  in  dogs  despite  an  elevated 
blood  pressure,  and  whether  or  not  the  adrenals  were  left  in 
the  circulation.  Following  denervation  of  one  kidney,  he 
observed  that  the  urine  production  of  the  denervated  kidney 
followed  the  changes  in  the  systemic  blood  pressure,  but  the 
innervated  kidney  still  showed  oliguria  during  anoxia. 

In  1949,  Franklin,  McGee  and  Ulmann  presented 
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anatomical  evidence  that  anoxia  in  the  innervated  kidney  of 
the  rabbit,  cat,  dog,  rat  and  mouse  resulted  in  a  diversion 
of  the  intrarenal  blood  flow  from  the  cortex  to  the  medulla. 
The  response  was  found  to  be  reversible  if  the  anoxia  was 
produced  by  occlusion  of  the  trachea,  and  irreversible  if 
produced  by  administration  of  carbon  monoxide.  The  diversion 
did  not  occur  'if  the  kidney  was  denervated.  It  is  part¬ 
icularly  interesting  to  note  that  partial  denervation  of  the 
kidney  divided  the  single  organ  into  a  part  which  responded 
to  anoxia,  and  a  part  which  did  not.  In  addition,  these 
workers. noted  that  if  the  stomach  was  overfull,  or  the  uterus 
seriously  enlarged  as  a  result  of  pregnancy,  the  kidneys 
were  found  to  be  partially  ,f shunted”.  Finally,  on  the  basis 
of  the  evidence  presented  by  Franklin  et  al.,  it  seems 
possible  that  the  oliguria  resulting  from  anoxia  reported  by 
VanLierre  et  al.  and  Toth,  might  well  be  explained  on  the 
basis  of  a  diversion  of  the  renal  blood  flow  from  the  cortex 
to  the  medulla  of  the  kidney. 

Anatomical  studies  of  the  renal  vasculature,  done 
by  Palmlov  in  1949,  showed  that  clamping  of  the  renal  artery 
for  periods  over  one  hour  resulted  in  subsequent  cortical 
ischaemia,  and  in  five  of  seven  experiments  the  medullary 
vessels  were  observed  to  be  well  filled.  Cortical  ischaemia, 
of  a  more  or  less  pronounced  nature,  was  produced  in  five  of 
eight  cases  following  the  injection  of  staphylococcus  toxin. 
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A  few  experiments,  in  which  a  tourniquet  was  applied  or  in 
which  the  splanchnic  nerve,  the  sciatic  nerve,  or  the  tissue 
around  the  renal  artery  was  stimulated,  gave  no  evidence  of 
the  "Oxford  shunt".  Palmlov  concluded  that  it  is  difficult 
to  say  whether  the  pictures  represented  a  true  diversion 
of  the  intrarenal  blood  flow,  since  it  was  not  known  if  the 
renal  blood  flow  was  normal.  From  reviewing  the  literature, 
it  seems  that  this  last  fact  is  the  chief  point  of  issue 
made  by  most  people  who  reject  the  "Oxford  shunt  hypothesis". 

Vaso-active  Drugs  and  the  "Oxford  shunt" 

Montague  and  Wilson  (1949)  have  combined  functional 
and  anatomical  studies  to  determine  the  effect  of  epinephrine 
on  the  intrarenal  circulation  in  the  rabbit.  They  found 
that  0.1  mgm.  of  epinephrine  produced  a  diversion  of  the 
intrarenal  blood  flow  away  from  the  cortex  to  the  juxtamedull- 
ary  zone.  Under  these  conditions,  the  extraction  ratio  of 
PAH  fell  to  negative  values,  averaging  -26.6  per  cent.  The 
extraction  ratio  of  PAH  was  observed  to  return  to  the  normal 
value  of  90  per  cent  at  time  varying  from  ten  to  forty  minutes 
after  the  injection  of  the  epinephrine.  Qualitatively 
similar  results  were  produced  by  shock,  and  they  concluded 
that  j uxtamedullary  "shunting"  of  blood  in  the  rabbit  kidney, 
produced  by  these  methods,  is  accompanied  by  a  marked  fall 
in  the  renal  extraction  of  PAH. 
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Similar,  although  less  consistent  results  have 
been  obtained  in  man  and  in  the  dog  by  Reubi  and  Schroeder 
(1949K  Thus  in  three  of  nine  human  subjects  given  epi¬ 
nephrine,  and  in  two  of  four  given  histamine,  the  extraction 
ratio  of  PAH  was  observed  to  decrease#  In  the  subjects 
given  epinephrine,  the  extraction  of  mannitol  usually  rose 
shortly  after  the  drug  was  given,  and  then  returned  to  normal, 
usually  before  the  PAH  extraction  had  returned  to  normal# 

In  three  patients  given  histamine,  the  mannitol  extraction 
increased,  and  In  one  it  fell  markedly.  In  three  of  six 
dogs  studied,  the  extraction  ratio  of  PAH  decreased  after 
administration  of  epinephrine,  and  the  renal  arterial  venous 
oxygen  difference  was  lower  in  five  of  eight  dogs  studied* 
Although  the  results  of  this  investigation  are  quite  incon- 
sistant,  certain  individual  experiments  seem  to  be  best 
explained  by  a  diversion  of  the  intrarenal  blood  flow  from 
the  cortical  to  the  medullary  pathway. 

Clinical  Cases  Believed  to  Support  the  "Oxford  shunt  hypothesis” 

Certain  clinical  cases  indicate  that  the  "Oxford 
shunt”  may  operate  in  humans.  Thus,  Solymoss  (1949)  ob¬ 
served  that  the  kidneys  of  a  woman  who  died  of  eclampsia 
and  anuria  lasting  seven  days,  showed  complete  ischaemia  of 
the  cortex  and  extreme  hyperaemia  of  the  medulla.  He  con¬ 
cluded  that  the  anuria  seemed  to  have  been  due  to  diversion 
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of  the  renal  blood  flow  from  the  cortex  to  the  medulla  in 
a  manner  similar  to  that  reported  by  Trueta  et  al. 

Alders  and  Durrans  (1949)  have  reported  a  case  of 
anuria,  following  childbirth,  which  persisted  for  two  days 
in  spite  of  the  intravenous  administration  of  isotonic 
sodium  sulfate  and  five  per  cent  glucose  in  normal  saline  at 
a  rate  of  two  liters  per  day.  They  stated  that  the  sympath¬ 
etic  nerve  supply  to  the  kidney  is  derived  from  the  spinal 
segments  to  D-q.  Hence,  epidural  anaesthesia  was  pro¬ 
duced  between  D$  and  D9,  with  the  result  that  urine  flow 
commenced.  These  workers  believed  that  this  case  of  anuria 
was  caused  by  a  diversion  of  the  renal  blood  flow  from  the 
cortex  to  the  medulla,  as  suggested  by  Trueta  et  al. 

S.N  De  and  Sengupta  (1951)  have  studied  thick 
frozen  sections  of  kidneys  collected  at  necropsy  from  path¬ 
ological  cases  in  man.  They  used  Pickworth’s  stain  which 
shows  up  only  those  blood  vessels  which  contain  blood.  They 
believe  that  these  sections  are  better  than  those  made  follow¬ 
ing  injection  of  a  dye  at  artificial  pressures,  which 
cannot  faithfully  represent  the  distribution  of  blood  under 
natural  conditions.  They  observed  that  kidneys  from  patients 
who  had  died  within  seventy — two  hours  of  the  onset  of  ill¬ 
ness  due  to  burns,  cholera,  copper  sulfate  poisoning,  acute 
hemorrhage,  eclampsia  or  asphyxia  all  showed  evidence  of  a 
"shunting"  of  the  renal  blood  flow  from  the  cortex  to  the 
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medulla,  usually  through  the  juxtamedullary  glomeruli. 

That  is,  they  observed  cortical  ischaemia,  congested  medull¬ 
ary  vasa  recta  and  patent  juxtamedullary  glomeruli.  In 
contrast,  control  kidneys  from  patients  who  died  of  broncho¬ 
genic  carcinoma,  bronchopneumonia,  pulmonary  tuberculosis 
or  meningitis  all  showed  the  renal  cortex  to  be  evenly  stained, 
the  vdsa  recta  and  medulla  poorly  stained,  and  a  distinct 
relatively  avascular  zone  between  the  level  of  the  juxta¬ 
medullary  glomeruli  and  the  arcuate  vessels.  Thus,  there 
seems  to  be  good  evidence  that  the  n Oxford  shunt”  does 
operate  in  man,  at  least  under  extreme  circumstances. 

Possible  Control  of  the  ” Oxford  shunt”  by  Higher  Nervous  Centers 

One,  of  the  most  interesting  reports  found  in  this 
literature  survey  was  that  of  Hoff,  Kell  and  Hastings  (1951) • 
These  workers  found  that  electrical  stimulation  on  the  ant¬ 
erior  sigmoid  gyri  of  the  cerebral  cortex  in  acute  experiments 
in  cats  produced  a  striking  change  in  the  intrarenal  circulat¬ 
ion.  Notwithstanding  an  elevation  in  systemic  arterial 
blood  pressure,  dye  injection  revealed  a  renal  cortical 
ischaemia  while  the  juxtamedullary  area  of  the  kidney  was 
well  filled.  The  pictures  looked  very  much  like  those  of 
Trueta  et  al.  The  renal  cortical  ischaemia  was  also  observed 
under  direct  white  light  and  also  under  ultraviolet  light. 


following  the  injection  of  fluorescine.  It  was  found  that  the 
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pressor  and  vasomotor  effects  were  greatly  exaggerated  when  the 
brain  was  stimulated  through  the  intact  cranium  with  a  Brief 
Stimulus  Therapy  (BST)  apparatus.  Finally,  it  was  found  that 
unilateral  renal  denervation  essentially  abolished  the  ischa¬ 
emic  changes  in  the  kidney  deprived  of  its  nerve  supply. 

Further,  in  chronic  experiments,  it  was  observed 
that  multiple  stimulations  of  the  brain  with  the  BST  appar¬ 
atus  for  one  to  six  weeks  produced  pathological  changes  in 
the  kidney  which  were  similar  to  those  changes  seen  in  cases 
of  lower  nephron  nephrosis.  It  was  suggested  that  these 
changes  were  probably  the  result  of  repeated  arteriolar  vaso¬ 
constriction  leading  to  tissue  anoxia,  and  alterations  in 
capillary  permeability. 

Extention  of  Original  Results  to  Other  Species 

In  1952,  Daniel  and  Prichard,  two  members  of  the 
original  Oxford  group,  together  with  Peabody,  were  able  to 
reproduce  the  original  results.  In  this  later  work,  the  kid¬ 
neys  were  exteriorized  so  that  the  intrarenal  circulation 
could  be  viewed  with  greater  clarity  using  rapid  serial 
angiography.  The  investigation  showed  clearly  that  an  isch¬ 
aemia  of  the  cortex  of  the  kidney,  with  a  maintained  circul¬ 
ation  through  the  medulla,  could  be  produced  in  the  cat,  dog, 
sheep  and  monkey,  as  well  as  in  the  rabbit.  In  their  discuss¬ 
ion,  these  workers  stressed  the  idea  stated  in  the  "Oxford 
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shunt  hypothesis”  that,  in  normal  animals,  blood  passing 
through  either  the  cortex  or  the  medulla  of  the  kidney,  all 
passes  through  glomeruli.  Finally,  they  believe  the  condition 
of  cortical  necrosis  of  the  kidney  is  good  evidence  that 
cortical  ischaemia,  with  a  maintained  medullary  blood  flow, 
occurs  in  man. 

Evidence  Against  the  "Oxford  shunt  Theory” 

As  well  as  the  evidence  just  discussed,  which 
supports  the  ” Oxford  shunt  hypothesis,”  there  is  a  considerable 
mass  of  evidence  in  the  literature  reported  to  refute  the 
theory.  As  was  the  case  with  supporting  evidence,  there  is 
both  anatomical  and  functional  evidence,  which  does  not 
support  the  theory. 

Anatomical  Evidence 

In  an  anatomical  study  of  the  intrarenal  circulation 
done  on  forty  rabbits,  Bergstrand  (1949)  was  only  able  to 
demonstrate  the  "Oxford  shunt”  in  one  case  by  stimulation  of 
the  renal  nerves.  In  a  similar  anatomical  study.  Block, 

Wakim  and  Mann  (1952)  were  not  able  to  produce  the  "Oxford 
shunt”  by  electrical  stimulation  of  the  renal  nerves  in  rats, 
rabbits  or  dogs.  In  this  latter  study,  the  Oxford  picture 
was  only  observed  twice  in  rats,  after  severe  hemorrhage, 
once  in  a  rat,  after  death  resulting  from  epinephrine,  and 
in  two  of  fifteen  rabbits,  during  stimulation  of  the  sciatic 
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nerve  • 

Further,  Moyer,  Conn,  Markley  and  Schmidt  (1950) 
were  unable  to  produce  the  "Oxford  shunt"  in  dogs  or  rabbits 
by  stimulation  of  the  sciatic  nerve  or  the  nerves  surrounding 
the  renal  artery.,  In  addition,  the  renal  blood  flow,  as 
measured  by  a  Thermostromuhr  or  bubble  flowmeter,  was  ob¬ 
served  to  decrease  as  a  result  of  these  procedures,  and  the 
renal  arteriovenous  oxygen  difference  consistently  increased. 
These  workers  did  observe  dye  pictures  similar  to  those 
of  Trueta  et  al.,  following  the  administration  of  epinephrine 
to  rabbits.  However,  there  was  a  concommitant  rise  in 
systemic  blood  pressure,  and  decrease  in  renal  blood  flow 
and  content  of  oxygen  in  the  renal  venous  blood.  It  was 
concluded  that  the  results  obtained  by  administration  of 
epinephrine  merely  suggested  that  the  afferent  arteries  in 
the  cortical  area  of  the  rabbit fs  kidney  were  more  readily 
occluded  than  those  in  the  juxtame dullary  region.  This,  in 
fact,  is  what  Trueta  et  al.  proposed,  and  the  only  conflict 
is  the  lack  of  arterMization  of  the  renal  venous  blood  ob¬ 
served  by  Moyer  et  al.  Finally,  it  should  be  noted  that 
Barrier,  Cates  and  McCullock,  (1952)  were  unable  to  reproduce 
the  "Oxford"  phenomenon  by  administration  of  0.05  to  2  mgm. 
of  adrenalin  to  some  thirty- two  rabbits. 

A  rather  large  series  of  experiments,  involving 
ninety-one  rabbits,  has  been  done  by  Kahn,  Skeggs  and 
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Shumay  (1950).  In  this  work,  administration  of  the  drugs, 
epinephrine  (0.15  mgm/kg.  body  weight),  pitressin  (0.75  to 
2  units/kg.  body  weight),  renin  or  hypertensin,  stimulation 
of  the  central  end  of  the  cut  sciatic  nerve  for  periods  of 
1.5  to  5  minutes,  or  hemorrhage,  all  generally  failed  to 
produce  an  intrarenal  diversion  of  the  blood  flow,  as  judged 
from  the  intrarenal  distribution  of  injected  India  ink. 
Following  the  administration  of  renin  or  hypertensin,  the 
results  did  show  the  juxtame dullary  glomeruli  to  be  prominent, 
with  their  efferent  arterioles  and  the  vasa  recta  system  well 
filled,  while  the  cortical  glomeruli  were  only  moderately  well 
filled.  A  similar  picture  was  seen  in  three  of  the  eleven 
experiments  in  which  the  sciatic  nerve  was  stimulated.  Never¬ 
theless,  these  investigators  concluded  that  there  was  no 
"medullary  by-pass",  or  independent  circulation  through  the 
medulla. 

Still  another  piece  of  anatomical  evidence  reported 
to  refute  the  "Oxford  shunt  hypothesis”  was  presented  by 
Insull,  Tillotson  and  Hayman  in  1950.  They  found  that  when 
excised  rabbit  kidneys  were  perfused  at  low  pressures  with 
Prussian  Blue  in  six  per  cent  acacia  solution,  only  the  deep 
juxtamedullary  glomeruli  were  filled,  but  with  high  pressures, 
all  glomeruli  were  filled.  They  seem  to  think  that  the 
cortical  ischaemia  shown  in  the  Oxford  pictures  was  due  to 
incomplete  filling  of  the  cortical  glomeruli  with  dye  due  to 
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a  low  blood  pressure*  These  workers  have  also  measured  the 
renal  blood  flow  and  arterial  blood  pressure  in  anaesthetized, 
eviserated  rabbits.  The  intrarenal  vasculature  was  viewed, 
after  various  procedures,  by  the  intraarterial  injection  of 
Janus  Green  B,  followed  by  excision  of  the  kidney  and  its 
perfusion  with  saline  and  finally  ammonium  molybdate  to  fix 
the  dye.  They  report  that  they  never  saw  the  deeper  glomeruli 
free  of  dye  while  the  cortical  ones  were  filled.  In  some 
experiments,  following  stimulation  of  the  sciatic  nerve  or 
the  perirenal  nerve  plexus,  or  after  hemorrhage,  the  juxta- 
medullary  glomeruli  were  observed  to  be  uniformly  stained, 
while  those  in  the  peripheral  areas  of  the  cortex  were  unstained. 
This  distribution,  which  resembled  Trueta’s,  only  occurred 
when  the  renal  blood  flow  was  33  to  64  per  cent  of  normal. 

In  two  cases  where  the  renal  blood  flow  was  low  and  the  blood 
pressure  high,  the  cortical  glomeruli  were  also  well  stained. 

On  the  basis  of  this  evidence,  they  concluded  that  their  ex¬ 
periments  furnished  no  evidence  for  the  Oxford  hypothesis,  but 
rather,  indicated  that  when  the  renal  blood  flow  is  reduced, 
the  reduction  may  not  be  uniform  throughout  the  kidney.  The 
reduction  may  be  greater  in  the  peripheral  cortical  glomeruli, 
which  they  believe  have  a  higher  resistance  to  flow,  than  the 
juxtamedullary  glomeruli  situated  more  deeply  toward  the 
medulla. 
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Thus,  a  number  of  anatomical  studies  of  the  intra- 
renal  circulation  have  failed  to  reproduce  the  pictures  pre¬ 
sented  by  Trueta  and  his  colleagues  and  duplicated  by  other 
independent  workers*  Many  other  investigators  have  carried 
out  renal  function  studies,  and  have  reported  that  there  is 
no  evidence  to  support  the  concept  of  an  intrarenal  diversion 
of  the  blood  flow,  as  proposed  by  Trueta  and  his  associates. 
The  latter  type  of  evidence  will  now  be  presented. 

Evidence  From  Renal  Function  Studies 

In  a  limited  study  on  fourteen  dogs,  Houck  (1951  a) 
reported  that  administration  of  epinephrine  produced  no 
significant  change  in  the  extraction  ratio  of  PAH  or  creatin¬ 
ine,  or  in  the  tubular  transport  maximum  for  glucose.  Stained 
preparations  of  the  kidneys  from  six  dogs  revealed  an  even 
distribution  of  India  ink  throughout  the  kidney,  although 
the  amount  of  dye  found  in  these  kidneys  was  less  than  that 
found  in  controls.  In  four  dogs  studied,  the  tubular  trans¬ 
port  maximum  for  PAH  was  reduced  an  average  of  43  per  cent. 
Changes  in  filtration  fraction  were  inconsistent .  The  per 
cent  glomerular  filtrate  reabsorbed  did  not  change,  indicat¬ 
ing  that  the  decreased  urine  flow  was  the  result  of  a 
decreased  glomerular  filtration  rate,  and  not  due  to  any 
alteration  in  tubular  reabsorption.  On  the  basis  of  this 
limited  data,  Houck  concluded* 
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,fIn  the  present  study  there  was  absolutely  no 
indication  of  a  shunting  of  blood  from  the 
cortex  to  the  medulla.” 

This  conclusion  is  unjustified.  The  series  was  small  and 
there  were  very  wide  deviations  in  the  results.  It  seems 
that  at  least  some  of  the  individual  experiments  fit  the 
results  expected  if  the  "Oxford  shunt”  was  operating,  but 
this  is  hard  to  say  because  only  per  cent  changes  in  renal 
function  from  control  were  given,  and  it  is  not  known  if  the 
control  renal  functions  were  normal. 

Two  groups  of  workers  have  studied  the  effects  of 
sciatic  nerve  stimulation  on  renal  function.  Oleesky  (1950) 
found  that  such  stimulation  in  decerebrate  cats  reduced  the 
renal  plasma  flow  without  reducing  the  extraction  of  PAH, 
and  thus  concluded  that  his  experiments  provided  no  evidence 
of  a  "shunt”.  Moyer  and  Handley  (1951)  observed  that  stim¬ 
ulation  of  the  sciatic  nerve  in  the  dog  resulted  in  a 
decreased  urine  flow,  renal  plasma  flow  and  glomerular  filt¬ 
ration  rate.  There  was  either  no  change  or  an  increase  in 
the  filtration  fraction.  The  renal  arteriovenous  oxygen 
difference  either  did  not  change  or  increased,  and  the 
extraction  ratio  of  PAH  apparently  did  not  increase.  Al¬ 
though  they  concluded  that  their  experiments  provided  no 
evidence  to  support  the  "Oxford  shunt  hypothesis”  as  a  cause 
of  acute  renal  failure,  there  are  certain  questions  arising 
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from  this  work  which  may  make  one  doubt  the  significance  of 
the  results  as  evidence  either  for  or  against  the  "Oxford 
shunt  hypothesis".  Three  dogs  were  used  for  the  determination 
of  the  tubular  transport  maximum  of  PAH,  leaving  only  six 
dogs  for  calculating  the  extraction  ratio  of  PAH.  Left  renal 
venous  blood  samples  were  taken,  but  in  six  of  the  dogs, 
urine  was  obtained  from  the  bladder,  and  in  only  three  were 
the  ureters  cannulated  separately.  It  was  not  stated  if  the 
extraction  of  clearance  substances  was  assumed  to  be  the 
same  on  both  sides.  Thus,  if  the  renal  response  to  sciatic 
nerve  stimulation  is  unilateral,  and  it  may  well  be,  the 
function  of  the  "normal"  kidney,  when  combined  with  the 
"stimulated"  kidney,  might  possibly  mask  small  unilateral 
changes  in  renal  function. 

Various  workers  have  also  presented  functional 
evidence  that  stimulation  of  renal  nerves  does  not  result  in 
a  diversion  of  the  intrarenal  blood  flow  from  the  cortical 
to  the  j uxtamedullary  glomeruli. 

Houck  (1951  b )  concluded,  on  the  basis  of  the 
following  results,  that  blood  was  not  shunted  from  the  cortex 
to  the  medulla  as  a  result  of  renal  artery  nerve  stimulation. 
In  a  small  study  on  nine  dogs,  he  observed  that  stimulation 
of  the  left  renal  artery  nerves  produced,  on  the  left  side, 
a  73  per  cent  decrease  in  glomerular  filtration  rate,  64 
per  cent  decrease  in  urine  flow,  47  per  cent  decrease  in  the 
tubular  transport  maximum  for  PAH,  40  per  cent  decrease  in 
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oxygen  consumption,  and  a  47  per  cent  decrease  in  the 
filtration  rate  per  unit  of  tubular  excretory  tissue.  All 
these  decreases  were  statistically  significant.  The  right 
kidney  showed  a  significant  decrease  in  the  glomerular 
filtration  rate  and  tubular  transport  maximum  for  glucose. 

The  left  renal  blood  flow,  as  determined  by  PAH  extraction, 
showed  an  insignificant  decrease  of  22  per  cent,  and  the 
extraction  ratio  of  PAH  decreased  27  per  cent,  also  insig¬ 
nificantly.  The  author  believes  that  all  the  significant 
decreases  in  left  renal  function,  together  with  the  insignif¬ 
icant  decrease  in  renal  blood  flow,  might  well  be  explained 
by  the  "Oxford  hypothesis".  Although  the  insignificant 
decrease  in  PAH  extraction  argues  against  the  theory,  the 
trend  is  in  the  right  direction.  Houck  seems  to  have  drawn 
his  conclusion  from  the  fact  that  the  PAH  extraction  ratio 
did  not  decrease  significantly,  although  it  did  decrease  on 
the  left  side  and  actually  increased  slightly  on  the  right 
side;  the  oxygen  extraction  increased  insignificantly,  and 
he  was  only  able  to  observe  patchy  areas  of  cortical  ischaemia 
following  injection  of  India  ink.  Further,  Houck  concluded 
that  the  stimulation  produced  afferent  arteriolar  constriction, 
as  evidenced  by  the  greater  reduction  in  glomerular  filtration 
rate  than  in  renal  blood  flow,  and  the  reduction  in  creatinine 
extraction  percentage.  In  view  of  the  small  calibre  of  the 
efferent  arteriole  compared  to  the  afferent  arteriole,  the 
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author  feels  that  afferent  arteriolar  constriction  should 
probably  result  in  a  greater  decrease  in  the  renal  blood  flow 
than  in  the  glomerular  filtration  rate  unless  there  was  a 
concosm  itant  efferent  dilatation.  Further  it  was  pointed 
out  by  Black  and  Saunders  (1949)  that  operation  of  the 
"Oxford  shunt"  should  probably  result  in  a  greater  reduction 
in  filtration  rate  than  in  renal  blood  flow,  that  is,  the 
conditions  observed  by  Houck  and  taken  by  him  to  indicate 
afferent  arteriolar  vasoconstriction,  and  no  evidence  for 
the  diversion  of  the  renal  blood  flow  from  the  cortex  to  the 
medulla  of  the  kidney. 

Block,  Wakim  and  Mann  (1952  b)  have  observed  that 
stimulation  of  the  renal  nerves  in  the  dog  resulted  in  a 
precipitous  decrease  in  the  clearances  of  creatinine  and 
PAH  and  in  the  extraction  ratio  of  PAH.  The  filtration 
fraction  increased.  These  values  were  found  to  return 
almost  to  normal  within  one  to  two  hours,  although  the 
stimulation  was  continued,  and  they  were  not  able  to  produce 
an  anuria  or  oliguria  for  more  than  seventy  minutes  by  stim¬ 
ulating  the  renal  nerves.  On  the  basis  of  their  previous 
anatomical  studies  (1952  a),  they  conclude  that  these  results 
provide  no  evidence  for  an  intrarenal  diversion  of  the 
blood  flow  away  from  the  renal  cortex.  Notwithstanding  the 
fact  that  the  initial  results  following  renal  nerve  stimulat¬ 
ion  were  what  one  would  expect  if  the  "Oxford  shunt"  was 
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operating,  they  preferred  to  believe  that  the  results 
indicated  a  transient  vasoconstriction,  which  resulted  in 
inhibition  of  tubular  activity. 

Other  evidence  against  the  operation .of  the  "Oxford 
shunt"  as  a  result  of  renal  nerve  stimulation  has  been  put 
forth  by  Study  and  Shipley  (1950).  They  observed  that  renal 
nerve  stimulation  in  dogs  reduced  the  total  renal  blood 
flow  as  measured  with  a  rotameter  to  53  per  cent  of  control, 
the  extraction  of  inulin  and  the  filtration  fraction  to  3$ 
per  cent  of  control,  the  extraction  of  diodrast  to  17  per 
cent  of  control  and  the  urine  flow  to  $1  per  cent  of  control. 
The  glomerular  filtration  rate  and  tubular  secretion  continued 
at  a  reduced  rate,  and  there  was  apparently  no  change  in  the 
systemic  blood  pressure.  Dye  injected  into  the  aorta  during 
unilateral  renal  nerve  stimulation  caused  an  intense  staining 
of  the  unstimulated  kidney  and  a  pale,  but  diffuse  staining 
of  the  stimulated  kidney.  Chiefly  on  the  basis  of  this 
diffuse  staining  of  the  stimulated  kidney  by  an  injected 
dye,  and  because  of  the  reduced  total  renal  blood  flow,  they 
concluded  that  their  results  provided  no  evidence  to  suggest 
that  the  stimulation  caused  a  "shunting"  of  the  blood  from 
the  cortex  tb  the  juxtamedullary  area  of  the  kidney.  They 
did  say  that  it  was  not  possible  from  the  data  to  tell  how 
much  of  the  decrease  in  renal  function,  if  any,  was  due  to 
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shunting,  and  if  shunting  occurred,  it  did  so  in  spite  of  a 
decreased  renal  blood  flow,  and  dyes  would  not  reveal  the 
magnitude  of  such  shunting. 

One  of  the  best  pieces  of  evidence  against  the 
intrarenal  shunting  of  blood  from  the  cortex  to  the  medulla 
was  presented  by  Scher  in  1951.  With  the  use  of  heated 
differential  thermocouple  flowmeters,  he  measured  simultan¬ 
eously  the  blood  flow  in  the  cortex  and  medulla  of  the 
kidneys  of  dogs,  rabbits  and  cats.  He  db served  that  admin¬ 
istration  of  epinephrine  or  nor-epinephrine,  or  stimulation 
of  the  renal  nerves,  all  caused  parallel  decreases  in  the 
blood  flow  in  the  cortex  and  medulla  of  the  kidney.  In  one 
case,  renal  artery  nerve  stimulation  in  a  rabbit  caused  a 
pronounced  fall  in  the  blood  flow  of  the  cortex  with  only 
about  one  third  as  great  a  fall  in  the  blood  flow  through  the 
medulla.  Scher  concluded  that  the  parallel  changes  in  blood 
flow,  which  he  observed  in  the  medulla  and  cortex  of  the 
kidney,  provided  strong  evidence  against  intrarenal  shunting 
of  the  blood. 

Clinical  Evidence  Against  n Oxford  Shunt” 

Grossman  and  Wilson  (1950)  have  observed  that  in 
patients  with  congestive  heart  failure,  the  glomerular  filt¬ 
ration  rate  and  the  renal  plasma  flow  were  low,  while  the 
tubular  transport  maximum  functions  for  glucose  and  PAH  were 
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normal.  They  point  out  that  the  normal  extraction  and 
tubular  transport  maximum  of  PAH  may  not  necessarily  be  evidence 
against  the  "Oxford  shunt  hypothesis,"  since  with  the  much 
reduced  renal  plasma  flow,  the  j uxt am e dullary  glomeruli  may 
be  able  to  extract  PAH  normally.  That  is,  the  tubular  load 
is  a  function  of  the  renal  plasma  flow  and  the  plasma  con¬ 
centration,  so  that  a  greatly  reduced  renal  plasma  flow 
would  enhance  the  capacity.  However,  the  tubular  transport 
maximum  for  glucose  is  a  measure  of  the  functional  integrity 
of  both  the  glomeruli  and  their  attached  tubules.  Therefore, 
if  a  low  glomerular  filtration  rate  is  due  to  intrarenal 
redistribution  of  blood,  a  corresponding  reduction  in  the 
tubular  transport  maximum  for  glucose  would  result.  Similarly, 
since  each  tubule  can  receive  the  glucose  it  reabsorbs  only 
from  the  attached  glomerulus,  any  functional  exclusion  of 
tubules  would  also  depress  the  tubular  transport  maximum  for 
glucose.  Therefore,  the  normal  tubular  transport  maximum 
for  glucose  observed  by  these  workers  seems  to  be  good 
evidence  against  operation  of  the  "Oxford  shunt"  in  cases  of 
congestive  heart  failure. 

Werko,  Bucht  and  Josephson  (1949)  studied  the  effects 
on  renal  function  produced  by  tilting  a  patient  to  an  angle 
of  30°  to  k5°*  They  believed  that  tilting  influences  the 
circulation  in  a  way  which  resembles  shock.  They  observed 
that  this  procedure  produced  no  change  in  the  extraction 
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ratio  of  PAH,  although  there  was  a  marked  decrease  in  the 
clearance  of  PAH  in  three  of  the  four  patients  studied.  Thus 
these  workers  concluded  that,  while  it  is  possible  that 
severe  general  injury  may  produce  the  "Oxford  shunt",  the 
smaller  influences  produced  in  their  study  did  not. 

In  one  case  of  oliguria,  which  resulted  from  an 

incompatible  blood  transfusion,  Clark,  Barker  and  Crosley 

ine 

(1950)  report  that  the  extractions  of  creatin/,  mannitol,  urea 
and  PAH  were  extremely  low,  but  that  the  renal  arterial-venous 
oxygen  and  carbon  dioxide  differences  were  entirely  normal. 

Thus  they  believed  a  simple  renal  vascular  "shunt"  could  not 
explain  the  results.  They  felt  that  the  results  would  only 
fit  a  short-circuit  theory  which  postulated  a  perfusion  of  the 
bulk  of  the  renal  tissue  with  a  small  amount  of  blood,  from 
each  volume  of  which  an  increased  amount  of  oxygen  was  removed, 
and  shunting  and  arterialization  of  the  major  fraction  of  the 
blood,  thus  reducing  the  excretory  extractions  by  dilution 
and  resulting  in  a  normal  over-all  arteriovenous  oxygen  and 
carbon  dioxide  difference.  If  there  was  a  diversion  of  the 
intrarenal  blood  flow  from  the  cortex  to  the  medulla,  as 
proposed  by  Trueta  et  al.,  it  seems  possible  that  this  could 
occur.  That  is,  the  small  amount  of  blood  flowing  through  the 
cortex  could  be  almost  completely  extracted  of  oxygen  while 
there  was  a  lower  extraction  of  oxygen  from  the  blood  flowing 
through  the  juxtamedullary  region  resulting  in  a  normal 
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extraction  of  oxygen  for  the  whole  kidney. 

Indirect  Evidence  Possibly  Related  to  the  Oxford  Hypothesis 

In  addition  to  the  investigations  designed  to 
directly  investigate  the  "Oxford  shunt  hypothesis,”  there 
are  a  number  of  reports  in  the  literature,  the  results  of 
which  might  find  some  explanation  in  the  Oxford  theory  and, 
as  well,  others  which  may  provide  evidence  against  the 
theory. 

In  1943,  Corcoran,  Taylor  and  Page  observed  that 
the  renal  function  in  dogs  was  reduced  during  the  onset  of 
shock  resulting  from  application  of  partially  occluding 
limb  tourniquets.  They  concluded  the  reduction  in  renal 
function  was  due  to  a  reduced  renal  blood  flow,  probably 
due  to  both  humoral  and  neural  vasoconstriction.  However, 
they  used  the  clearance  of  diodrast  to  calculate  the  renal 
blood  flow.  The  actual  extraction  of  diodrast  was  only 
determined  in  two  experiments,  and  since  it  was  found  to  be 
nearly  normal,  and  only  decreased  markedly  after  the  tourniquet 
was  removed,  they  assumed  it  was  normal  in  the  other  twelve 
dogs  studied.  These  workers  also  observed  that  the  filtration 
fraction  increased  to  about  113  per  cent  of  normal  after  the 
tourniquet  had  been  applied  for  only  fifteen  minutes.  It  is 
interesting  to  note  that  in  this  work  the  extraction  of  dio¬ 
drast  fell  markedly  after  the  tourniquet  was  removed.  Trueta 
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and  his  associates  noted  that  the  degree  of  intrarenal 
diversion  of  blood  flow  from  the  cortex  to  the  medulla  of 
the  kidney  often  was  more  marked  after  a  hind  limb  tourniquet 
had  been  removed  than  during  its  actual  application.  Com¬ 
paring  the  two  works,  it  seems  quite  possible  that  the  marked 
fall  in  diodrast  extraction  was  due  to  a  diversion  of  the 
intrarenal  blood  flow  from  the  cortical  to  the  juxtamedullary 
pathway.  The  increase  in  filtration  fraction  observed  by 
Coccoran  et  al.  may  further  indicate  that  the  T,Oxford  shunt” 
was  operating  to  some  degree  in  their  dogs. 

In  1945,  OfConnor  and  Verney  observed  two  types  of 
inhibition  of  diuresis  in  dogs.  Following  application  of  a 
painful  stimulus  by  electrical  stimulation  through  needles 
inserted  through  the  skin  of  the  flanks  of  dogs,  they  observed 
a  rapid  inhibition  and  a  slow,  prolonged  inhibition  of  diuresis. 
They  found  that  removal  of  the  posterior  lobe  of  the  pituitary 
abolished  the  slow  inhibition,  and  denervation  of  the  kidney 
abolished  the  rapid  inhibition.  Both  procedures  done  on  one 
animal  abolished  both  types  of  inhibition  of  diuresis.  They 
therefore  concluded  that  the  rapid  inhibition  was  due  to  a 
neural  vasoconstriction  of  the  renal  vessels,  and  the  slow 
inhibition  due  to  release  of  antidiuretic  hormone.  Later 
evidence  indirectly  indicates  that  the  rapid  inhibition  might 
have  been  due  to  operation  of  the  "Oxford  shunt". 


Also  in  1945,  Dole  and  his  associates  found  that  the 
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oxygen  consumption  of  the  kidneys  decreased  markedly  in 
early  hemorrhagic  shock,  in  spite  of  a  reduced  renal  blood 
flow.  This  group  felt  that  the  failure  of  the  kidney  in  shock 
to  attempt  to  maintain  its  oxygen  consumption  by  increasing 
its  oxygen  extraction  contrasted  markedly  with  the  rest  of 
the  body,  which  responded  with  a  great  increase  in  its  oxygen 
extraction.  The  latter  fact  was  observed  from  oxygen  deter¬ 
minations  of  blood  taken  from  the  right  auricle.  The 
decreased  extraction  of  oxygen  from  the  blood  by  the  kidney 
during  shock  might  possibly  be  explained  in  the  light  of  the 
"Oxford  shunt  hypothesis”. 

In  1946,  Kubicek  and  Kottke  observed  that  chronic 
stimulation  of  the  renal  nerves  initially  produced  a  marked 
decrease  in  the  renal  plasma  flow  and  glomerular  filtration 
rate.  However,  both  values  returned  toward  normal  in  two  to 
four  days,  despite  continued  stimulation.  In  two  cases,  where 
the  stimulation  produced  only  a  moderate  increase  in  the 
blood  pressure,  the  renal  plasma  flow  and  glomerular  filtration 
rate  remained  low  for  as  long  as  two  weeks.  Further,  both 
renal  and  splanchnic  nerve  stimulation  produced  an  increase 
in  the  filtration  fraction,  which  they  concluded  to  indicate 
a  greater  constriction  of  the  efferent  than  of  the  afferent 
arteriole.  The  decreased  glomerular  filtration  rate  argues 
against  such  a  simple  conclusion.  The  greater  impairment  of 


C4- 


-37- 


tubular  excretion  than  of  filtration,  as  indicated  by  the 
increased  filtration  fraction,  may  be  taken  as  evidence  that 
the  "Oxford  shunt"  is  operating  (Black  and  Saunders,  1949). 

Also  in  1946,  Selkurt  observed  that  hemorrhage  in 
dogs  lowered  the  renal  blood  flow  as  measured  directly  with 
a  bubble  flowmeter.  However,  anuria  developed  while  there 
was  still  an  appreciable  blood  flow  through  the  kidney. 
Reinfusion  of  blood  increased  the  direct  renal  blood  flow 
but  the  clearance  of  PAH  and  creatinine  remained  low. 

Possibly  these  results  could  be  explained  by  a  diversion  of 
the  intrarenal  blood  flow  away  from  the  highly  functional 
cortical  glomeruli  through  the  less  functional  juxtamedullary 
glomeruli  as  suggested  by  Trueta  and  his  associates. 

Certain  other  results  published  after  the  "Oxford 
shunt  theory"  was  proposed,  might  also  find  a  partial  explan¬ 
ation  in  this  theory.  Thus,  in  194&,  Phillips  and  Hamilton 
observed  that  clamping  the  renal  artery  for  periods  of  twenty, 
sixty  and  one  hundred  and  twenty  minutes  resulted  in  a  sub¬ 
sequent  considerable  to  marked  reduction  in  the  extraction 
ratio  of  PAH  and  creatinine.  The  total  renal  plasma  flow 
was  observed  to  be  only  slightly  reduced.  They  believed 
that  their  results  indicated  tubular  damage  and  back  diffusion 
of  creatinine  through  the  damaged  tubule  cells.  Diversion 
of  the  intrarenal  blood  flow  from  the  cortical  to  the  juxta- 
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medullary  pathway  would  be  expected  to  reduce  the  extraction 
ratio  of  PAH  and  creatinine  without  reducing  the  total  renal 
plasma  flow  to  any  appreciable  extent.  The  "Oxford  shunt" 
is  thus  probably  worthy  of  consideration  as  an  explanation 
of  the  results  found  after  short  periods  of  renal  ischaemia. 

In  a  study  of  667  albino  rats,  Lippmon  (1948)  ob¬ 
served  that  "tailcutting"  reduced  the  creatinine  and  urea 
clearances  to  about  two  thirds  of  the  values  found  under 
normal  undisturbed  conditions.  The  renal  plasma  flow  was 
also  lower,  but  not  to  the  same  extent.  The  blood  volumes 
were  found  to  be  normal,  and  he  felt  that  the  14  per  cent 
decrease  in  PAH  clearance  was  not  sufficient  to  explain  the 
37  per  cent  fall  in  creatinine  and  urea  clearances,  and  con¬ 
cluded  that  there  must  have  been  some  intrarenal  haemodynamic 
change.  The  greater  decrease  in  filtration  than  in  renal 
plasma  flow  may  indicate  operation  of  the  "Oxford  shunt"  in 
this  case  (Black  and  Saunders,  1949). 

Brod  and  Sirota  observed  in  1949  that  infliction  of 
a  painful  stimulus  or  emotional  disturbance  to  rabbits  re¬ 
sulted  in  a  decrease  in  the  renal  blood  flow  and  glomerular 
filtration  rate  as  determined  by  PAH  and  creatinine  clearances 
respectively.  The  same  effects  occurred,  as  a  result  of 
emotional  disturbance,  whether  or  not  the  kidneys  were  denerv- 
ated.  This  later  observation  argues  against  the  direct  neural 
initiation  of  the  "Oxford  shunt",  but  indirectly  it  might 
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possibly  have  been  brought  into  play  by  liberation  of  adrena¬ 
line,  a  response  which  is  known  to  occur  as  a  result  of 
emotional  stress. 

The  author  would  like  to  present  the  results  ob¬ 
tained  by  Flemming  and  Bigelow  (1951)  in  a  rather  unique  study 
of  the  capillary  blood  flow  in  the  rabbit  kidney.  By  insert¬ 
ing  the  fine  tip  of  a  quartz  rod  into  the  substance  of  the 
decapsulated  kidney  it  was  found  that  the  rod  would  conduct 
light  from  a  500  W  tungston  lamp  so  that  direct  microscopic 
observation  of  the  tubules  and  blood  vessels  of  the  renal 
cortex  to  a  depth  of  100ji  could  be  made.  Normally,  a  rapid 
smooth  flow  of  blood  was  observed  in  the  capillaries,  together 
with  some  intermittence  of  the  blood  flow  in  the  renal  cortex 
so  that  all  vessels  were  not  filled  at  once.  However,  follow¬ 
ing  crush  injuries  or  burns,  the  cortical  flow  was  definitely 
slower,  and  there  were  frequent  areas  of  stasis  of  blood  in 
capillaries,  arterioles,  venules  and  occasionally  in  an 
interlobular  vein.  There  appeared  to  be  vasoconstriction  and 
agglutination  of  the  red  cells.  The  flow  was  not  stopped. 
Application  of  a  tourniquet  produced  similar,  but  more 
moderate  results.  Hemorrhage  produced  a  general  constriction 
of  arterioles  and  capillaries  in  the  renal  cortex,  and  a 
decreased  rate  of  blood  flow.  Adrenaline  produced  a  marked 
vasoconstriction  with  slowing  or  stoppage  of  the  blood  flow 
in  many  vessels.  There  appeared  to  be  some  dilatation  of  the 
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interlobular  venules •  Further,  it  was  found  that  a  very 
small  dose  of  adrenalin  given  to  an  animal  with  gross  intra¬ 
vascular  clumping  of  red  cells,  produced  a  complete  stasis 
of  the  blood  flow  in  the  renal  cortex.  On  the  basis  of 
their  evidence,  these  workers  concluded  that  the  clinical 
"crush  syndrome"  is  due  primarily  to  renal  cortical  ischaemia 
produced  by  blockage  of  the  interlobular  artery,  or  its 
branches,  by  circulating  clumps  of  red  blood  cells  in  the 
presence  of  renal  vasospasm.  While  this  work  provides  no 
direct  evidence  to  support  the  "Oxford  shunt  hypothesis", 
it  is  interesting  to  note  that,  under  many  of  the  same  cond¬ 
itions  which  Trueta  and  his  associates  found  produced  a 
diversion  of  the  intrarenal  blood  flow  away  from  the  cortex 
of  the  kidney,  Fleming  and  Bigelow  have  observed  directly  a 
decreased  rate  of  blood  flow  in  the  renal  cortex. 

Finally,  it  must  be  stressed  that  the  papers  cited 
in  this  section  are  not  intended  to  provide  evidence  to 
support  the  "Oxford  shunt  theory”.  They  have  only  been  pre¬ 
sented  as  examples  of  the  many  reports  found  in  the  literature 
in  which  the  author  believes  the  "Oxford  shunt”  might  easily 
be  considered  as  part  of  the  explanation  of  the  results.  This 
interpretation  is  purely  that  of  the  author,  and  there  are 
most  certainly  other  interpretations. 
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Summarv  of  Evidence  in  Support  of  and  Against  the  "Oxford  shunt” 

The  literature  seems  to  reveal  no  obvious  answer  to 
the  problem  of  whether  or  not  the  "Oxford  shunt"  operates 
under  any  circumstance,  and  there  is  certainly  discord  with 
regard  to  its  physiological  significance.  There  is  good 
evidence  that  it  does  operate  under  certain  extreme  conditions, 
and  there  is  evidence  that  it  does  not.  It  has  been  pointed 
out  that  anatomical  studies,  rnsing  dyes,  may  not  show  up  small 
degrees  of  intrarenal  diversion  of  the  blood  flow.  While 
functional  studies  are  more  sensitive,  they  are  subject  to 
inherent  errors,  and  must  be  viewed  critically.  Both  types 
of  study  indicate  that  there  are  species  variations,  and 
indeed,  variations  within  species,  which  require  the  application 
of  various  intensities  of  stimuli  to  evoke  the  "Oxford  shunt", 
if  indeed  it  exists  at  all.  If  the  "Oxford  shunt"  does 
operate,  then  the  question  becomes,  does  it  operate  under 
physiological  conditions?  To  answer  this  question,  one  must 
define  the  term  "physiological".  If  the  term  is  taken  to 
mean  only  changes  in  body  functions  oc curing  during  the 
resting  state,  then  it  may  well  be  that  the  "Oxford  shunt"  is 
insignificant.  If  the  term  is  taken  to  include  changes  in 
function  occurring  in  the  body  as  a  result  of  conditions  of 
applied  stress  of  various  origins,  then  the  literature  indicates 
that  possibly  the  "Oxford  shunt"  is  a  very  important  physiol¬ 
ogical  mechanism.  Finally,  the  author  believes  that  he 
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should  not  draw  any  final  conclusion  on  the  basis  of  the 
diversified  literature  reports.  Rather,  it  would  seem 
better  to  perform  a  series  of  experiments  and  draw  conclusions 
from  the  results  of  these  experiments. 
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PRQPOSED  3VIETHOD  OF  INVESTIGATING  THE  PROBLEM 

It  is  proposed  to  study  the  changes  in  renal 
function,  if  any,  which  occur  as  the  result  of  catheterization 
of  the  left  renal  vein  in  dogs.  If  this  catheterization 
produces  a  diversion  of  the  intrarenal  blood  flow  from  the 
cortical  pathway  to  the  juxtamedullary  pathway,  then  it 
would  be  reasonable  to  expect  that  there  would  be  a  decrease 
in  the  urine  flow,  glomerular  filtration  rate  and  true 
filtration  fraction,  and  a  low  extraction  ratio  of  PAH,  in 
the  left  kidney,  as  compared  to  controls  and  the  right  kidney. 
There  should  be  little  or  no  change  in  the  left  renal  blood 
flow,  as  evidenced  by  no  change  in  the  renal  resistance  to 
blood  flow.  One  fact  will  have  to  be  qualified.  In  order  that 
the  left  renal  functions  be  low  compared  to  the  right,  then 
the  response  must  be  unilateral.  Whether  or  not  this  is 
true  will  have  to  be  established  by  experiment.  If  the  response 
is  unilateral,  then  one  might  also  expect  that  an  osmotic 
diuretic  would  not  be  able  to  act  as  efficiently  in  the  left 
kidney  as  in  the  right  or  "normal”  kidney. 

Finally,  if  the  reduced  renal  functions  on  the 
left  side  are  the  result  of  initiation  of  a  "shunt”,  and  if 
this  "shunt”  is  initiated  through  some  neurogenic  mechanism, 
then  it  should  be  possible  to  prevent,  or  abolish,  the  reduction 
in  left  renal  function  by  infiltration  of  a  local  anaesthetic 
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into  the  peripelvic  area  of  the  left  kidney,  or  possibly  by 
administration  of  some  autonomic  blocking  agent. 

On  the  basis  of  the  morphological  work  of  Trueta 
et  al.  and  the  many  studies  of  others,  these  would  seem  to 
be  the  results  to  expect  if  there  is  a  diversion  of  the 
intrarenal  blood  flow  from  the  cortex  to  the  juxtamedullary 
area  of  the  kidney. 
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THEORY  OF  RENAL  CLEARANCES 

The  general  theory  of  calculating  the  various  renal 
functions  is  not  particularly  unique,  but  is  simply  a 
specific  application  of  the  general  Fick  principle  to  the 
kidney. 

The  Fick  principle  is  derived  from  the  formula, 

Volume  X  Concentration  =  Amount,  (l) 

or  rearranging. 

Amount 

Volume  =  - - -• — - —  (2) 

Concentration 

For  the  development  of  the  equations  for  the  calculation  of 
renal  plasma  flow,  we  shall  let  volume  equal  the  volume  of 
plasma  flowing  through  the  kidney,  amount  equal  the  amount 
of  some  substance  found  in  the  urine,  and  concentration  equal 
the  concentration  of  this  substance  in  the  arterial  plasma. 

By  equation  (l), 

Amount  of  Substance  in  Urine  =  Urine  Cone.  X  Urine  Vol.  (3) 

If  the  substance  in  question  is  not  produced  in  the  kidney, 
stored  in  the  kidney,  or  removed  from  the  plasma  in  any  way 
except  into  the  urine,  then  by  necessity,  ALL  of  the  substance 
found  in  the  urine  must  have  come  from  the  plasma.  The 
volume  of  plasma  necessary  to  supply  this  amount  of  substance 
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can  then  be  calculated  by  equation  (2).  Substituting 
equation  (3)  into  equation  (2)  we  obtain. 

Urine  Cone,  x  Urine  Vol. 

Volume  Plasma  Required  =  - — - - ----  {/4 ) 

Arterial  Plasma  Cone. 

If  we  now  apply  the  restriction  of  time,  and 
determine  the  amount  of  the  substance  found  in  the  urine  in 
one  minute,  then, 

Vol.  Plasma  Required  per  Minute  = 

UriB§_£2Ds«._x_Uciae_¥oli/ffliQ.  ( 5 ) 

Arterial  Plasma  Cone. 

Thus,  we  have  an  equation  with  which  we  can  calculate  the 
minimum  volume  of  plasma  which  must  flow  through  the  kidney 
in  one  minute  to  provide  the  amount  of  substance  found  in 
the  urine,  and  in  this  case,  the  substance  must  be  completely 
extracted  from  the  plasma  in  one  passage  through  the  kidney. 

If  the  substance  has  not  been  completely  extracted  from  the 
plasma,  then  this  volume  may  be  conveniently  thought  of  as 
representing  the  volume  of  plasma  which  flows  through  highly 
functional  renal  tissue  capable  of  completely  extracting  the 
substance.  This  volume  is  called  the  effective  renal  plasma 
flow.  By  convention,  this  volume  is  termed  the  clearance  (C), 
and  the  symbols  U,  V,  and  Pa  are  used  to  represent  respectively 
the  urine  concentration,  the  urine  volume,  and  the  arterial 
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plasma  concentration.  Thus  the  conventional  equation  is. 


C 


(6) 


If  the  total  renal  plasma  flow  is  desired,  either 
a  substance  must  be  used  which  is  completely  cleared  from,  the 
plasma  in  one  passage  through  the  kidney  or  the  renal  venous 
plasma  concentration,  (Pv),  of  the  substance  must  be  deter¬ 
mined.  In  the  latter  case,  the  equation  becomes. 

Total  Renal  Plasma  Flow  (TRPF )  -  ----------  (7) 

Pa  - 


If  it  is  desired  to  calculate  the  renal  blood  flow, 
the  hematocrit  of  the  blood  is  measured  and  the  following 
equation  used. 

Renal  Blood  Flow  (RBF )  =  RPF  x - IQQ— .  (g) 

per  cent  of  plasma  in 
blood 


Depending  upon  whether  equation  (6)  or  (?)  is  used  to  calculate 
the  RPF,  equation  ($)  will  give  respectively,  effective  renal 
blood  flow,  or  total  renal  blood  flow. 

Calculation  of  Renal  Blood  Flow  and  Extraction  Ratio  of 

p-Aminohippuric  Acid 


It  has  been  found  that  the  substance  p-aminohippuric 
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acid  (PAH),  when  present  in  low  arterial  plasma  concentrations, 
is  almost  completely  cleared  from  the  plasma  during  one 
passage  through  the  normal  kidney.  Thus  the  clearance  of 
PAH  is  commonly  taken  to  represent  the  effective  renal 
plasma  flow. 

The  ratio  of  the  amount  of  PAH  cleared  from  the 
plasma  as  it  passes  through  the  kidney  to  the  amount  of  PAH 
in  the  arterial  plasma  is  called  the  extraction  ratio  of  PAH 
(EpAH).  Mathematically, 

P  P 

aPAH  "  VPAH 

hpAH  =  - -  - - - -  (9) 

PapAH 

Normally  the  extraction  ratio  of  PAH  is  about  0.92  in  the 
human  kidney  (Homer  Smith,  1951,  p  l6l),  and  has  been  found 
to  be  0.37  ^  0.04  in  the  dog  kidney  (Phillips  et  al.,  1946). 

Homer  Smith  believes  that  the  value  reported  by  Phillips  et 
al.  might  have  been  higher  had  they  made  their  determinations 
on  the  right  instead  of  the  left  kidney  where  some  dilution 
of  the  renal  venous  blood  probably  occurs. 

In  view  of  these  reports  and  the  fact  that  it  was 
desired  in  this  work  to  compare  the  renal  blood  flow  calculated 
from  PAH  clearance  to  that  measured  directly,  a  correction  factor 
of  0.90  has  been  applied  to  all  PAH  clearances  in  which  the 
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actual  extraction  ratio  of  PAH  is  not  known.  This  has  been 
done  for  all  controls  and  for  the  PAH  clearance  of  the  right 
kidney  according  to  the  following  equation. 


UPAH  v  100 

Estimated  Total  RBF  = - - - - - — -  x  - - - 


PsipAH  “  (l°%  of  papAH)  #  Plasma  in 

Blood 

Unfortunately  PAH  is  taken  up  by  the  red  blood  cells 
of  the  dog.  Since  PAH  is  almost  completely  removed  from 
the  plasma  which  passes  through  the  kidney,  there  exists  a 
concentration  gradient  favourable  for  the  diffusion  of  PAH 
from  the  cells  to  the  plasma  in  renal  venous  blood  samples. 
According  to  Phillips  et  al.  (1946),  before  centrifugation 
of  renal  venous  blood  samples  at  room  temperature  can  be 
completed  this  diffusion  produces  a  5  per  cent  reduction  in 
the  extraction  ratio  of  PAH.  This  error  can  be  reduced  by 
chilling  the  blood  samples  and  centrifuging  them  in  a  cold 
centrifuge.  During  most  of  the  work  done  by  the  author  the 
blood  samples  were  kept  at  room  temperature  until  the  exper¬ 
iment  was  completed  and  then  centrifuged  at  room  temperature. 
Towards  the  end  of  the  work  a  cold  centrifuge  became  avail¬ 
able,  and  the  samples  were  then  stored  on  ice  and  subsequently 
centrifuged  at  a  temperature  between  0  and  -5  degrees  cent¬ 
igrade.  The  results  and  significance  of  this  procedure  will 
be  discussed  in  chapter  seven. 
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Estimation  of  Glomerular  Filtration  Rate 


If  a  substance  is  filtered  by  the  glomeruli  but  is 
not  reabsorbed  or  excreted  by  the  tubules,  and  in  addition, 
is  not  produced  or  destroyed  by  the  kidney,  then  it  follows 
that  its  clearance,  as  given  by  equation  (6),  will  represent 
the  volume  of  filtrate  formed  by  the  kidney  each  minute.  The 
clearance  of  such  a  substance  is  called  the  glomerular 
filtration  rate  (GFR).  It  has  been  found  that  exogenous 
creatinine  obeys  these  criteria  in  the  dog  (Homer  Smith,  19 51, 
p  143 )•  Therefore  the  clearance  of  exogenous  creatinine  was 
taken  to  represent  the  glomerular  filtration  rate  in  the 
experiments  of  the  author. 

Filtration  Fraction 


The  filtration  fraction  (FF)  may  be  defined  as  the 
fraction  of  the  renal  plasma  flow  which  is  filtered  by  the 
glomeruli,  or  mathematically  the 


FF 


GFR 

RPF 


(11) 


Since  in  this  work  the  total  renal  plasma  flow  has  been  cal¬ 
culated  the  FF  then  calculated  is  called  the  true  filtration 
fraction.  This  calculation  enables  one  to  differentiate 
between  proportional  and  non-proportional  changes  in  the 
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glomerular  filtration  rate  and  renal  plasma  flow  and  gives 
some  indication  of  the  mechanism  which  causes  any  changes  in 

these  two  basic  renal  functions. 

\ 

Maintenance  of  Creatinine  and  PAH  Plasma  Levels 

It  has  been  found  by  Homer  Smith  (1951,  p  1&3 ) 
that  if  the  plasma  level  of  creatinine  is  between  7  and  15 
mgm.  per  cent,  the  error  due  to  endogenous  chromQgens  is 
insignificant.  The  plasma  concentration  of  PAH  should  be 
between  0.7  and  2.5  mgm.  per  cent,  since  at  levels  much 
above  this  value  the  tubular  excretion  limit  for  PAH  may  be 
reached.  The  extraction  ratio  then  decreases  so  that  the 
clearance  of  PAH  no  longer  indicates  the  effective  renal 
plasma  flow  (Homer  Smith,  1951,  p  169).  It  has  also  been 
shown  by  Homer  Smith  (1951,  pp  57-62)  that  the  plasma  levels 
should  be  maintained  relatively  constant  during  the  urine 
collection  period.  Thus,  in  the  author’s  work  a  priming  dose, 
followed  by  a  constant  infusion  of  PAH  and  creatinine  was 
used.  An  attempt  was  made  to  maintain  plasma  concentrations 
of  10  mgm.  per  cent  of  creatinine  and  1.5  mgm.  per  cent  of  PAH. 

The  dose  of  the  priming  injection  and  the  concentrat¬ 
ion  of  the  constant  infusion  were  calculated  from  the  following 
equations. 
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Priming  Dose 
in  mgm. 


Dog  Weight  Volume  of  Intended  Plasma 

in  Kgm.  x  Distribution  x  Cone. (mgm. /ml)  x  1000 
Per  Cent 


100 


(12) 


Plasma  Cone.  Estimated  Clearanne 

(mgm. /ml)  x  (ml/minute/Kg) 

Cone,  of  Sustaining 
Infusion  (Mgm. /ml)  - 

Rate  of  Infusion  (13) 

The  volumes  of  distribution  of  creatine  and  PAH  were  taken  to 
be  50  and  30  per  cent  of  the  total  body  weight  respectively. 
(Greenberg  et  al.,  1952).  The  estimated  clearances  used 
were  the  values  quoted  by  Homer  Smith  (1951,  p  539). 

These  were  4.29  ml/min/kg  for  creatinine  and  13-5  ml/min/k g 
for  PAH.  It  was  initially  proposed  that  the  rate  of  infusion 
would  be  0.5  ml  per  minute.  Thus,  by  substitution  of  these 
values  into  equations  (12)  and  (13)  the  following  simplified 
equations  were  obtained  and  used  to  calculate  the  priming  dose 
and  concentration  of  the  constant  infusion  required  to  main¬ 
tain  the  proper  plasma  levels  of  PAH  and  creatinine. 

Priming  Dose  of  PAH  (mgm)  =  Animal  Weight  x  4*5  (14) 

in  Kilograms 

Priming  Dose  of  Creatinine  (mgm)  =  Animal  Weight  x  50  (15) 

in  Kilograms 


-53- 


Concentration  of  PAH  in  Animal  Weight  .  . 

Sustaining  Infusion  (mgm/ml)  =  in  Kilograms  x  O.4O5  (16) 

Concentration  of  Creatinine  __  Animal  Weight 
in  Sustaining  Infusion (mgm/ml)  —  in  Kilograms  x  0.86  (17) 

The  priming  dose  was  dissolved  in  20  mis  of  0.9  per 
cent  sodium  chloride  solution  just  prior  to  injection.  The 
sustaining  infusion  was  made  up  in  five  per  cent  sodium 
chloride  which  was  hoped  to  act  as  an  osmotic  diuretic.  It 
was  found  by  experience  that  administration  of  the  sustaining 
infusion  at  a  constant  rate  of  one  drop  every  six  seconds, 
delivered  under  a  constant  pressure  through  a  capillary  tube, 
maintained  the  plasma  levels  of  PAH  and  creatinine  between 
one  and  two  mgmG  per  cent  and  ten  to  fifteen  mgm.  per  cent 
respectively. 

Finally,  a  forty  minute  equilibration  period  was 
allowed  between  the  administration  of  the  priming  dose  and 
the  start  of  the  constant  infusion,  and  the  beginning  of  the 
first  clearance  period. 

Direct  Measurement  of  the  Renal  Blood  Flow 

The  left  renal  venous  outflow  was  measured  directly 
with  the  automatic  recording  bubble  flowmeter  described  by 
Nash  and  Milligan  (1959).  Briefly  the  instrument  operates  as 
follows.  The  blood  flow  is  diverted  through  a  short  piece 
of  plastic  tubing.  A  bubble  of  air  is  injected  into  the 
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proximal  end  of  this  tube  by  means  of  an  electric  solenoid 
connected  to  a  diaphragm  pump  and  is  carried  through  the 
tube  by  the  blood  flow.  At  the  distal  end  of  the  tube  there 
is  mounted  a  small  light  bulb  and  a  photoconductor  cell  on 
opposite  sides  of  the  tube.  When  the  bubble  passes  between 
these  units  there  is  a  change  in  intensity  of  the  light 
striking  the  photoconductor  ceil.  The  resultant  slight  change 
in  resistance  of  this  cell  activates  an  electronic  relay 
which  completes  the  circuit  to  the  solenoid  of  the  bubble 
injector  and  a  new  bubble  is  injected.  The  bubbles  are 
removed  from  the  blood  stream  by  a  bubble  trap  situated  just 
distal  to  the  photoconductor  cell.  Through  a  valve  system 
the  trapped  air  is  made  accessible  to  the  bubble  injector  to 
be  used  over  and  over  again. 

The  volume  of  the  tube  between  the  point  of  bubble 
injection  and  the  photoconductor  cell  is  determined  by  measur¬ 
ing  the  outflow  from  the  meter  for  a  given  number  of  bubble 
circuits  and  taking  the  average  for  each  circuit.  A  connect¬ 
ion  between  the  amplification  circuit  of  the  flowmeter  and 
the  time  marker  of  a  San  born  recorder  causes  a  mark  to  be 
made  on  the  tape  of  the  recorder  each  time  a  bubble  is  injected. 
Knowing  the  volume  of  the  tube  between  the  bubble  injector  and 
the  defector  and  the  speed  that  the  tape  of  the  recorder 
travels,  it  is  a  simple  matter  to  construct  a  table  from 
which  the  blood  flow  can  be  determined  from  the  average  distance 
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between  the  marks  on  the  tape.  In  the  author’s  work  the 
distance  between  each  mark  was  determined  from  the  average  of 
the  distance  between  ten  or  more  marks. 

Finally,  the  linear  relationship  between  the  meas¬ 
ured  outflow  rate  and  that  determined  by  the  meter,  as 
described  by  Nash  and  Milligan,  has  been  confirmed  by  the 
author.  The  low  resistance  to  flow  offered  by  this  meter  was 
also  confirmed.  The  total  resistance  of  the  meter  and  the 
rather  long  catheter  used  in  this  work  (see  fig.  l)  was  found 
to  be  less  than  0.1  peripheral  resistance  unit  (P.R.U.). 

(i.e.  -  PRU  —  over  a  range  of  flows  from  50  to 

F (ml/min) 

250  mis. /minute. 
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EXPERIMENTAL  PROCEDURE 


Operative  Procedure 

Mongrel  dogs  of  both  sexes  varying  in  weight  from 
7.0  to  25.5  kilograms  were  used  in  this  investigation.  They 
were  deprived  of  food  but  had  free  access  to  water  for  24 
hours  prior  to  an  experiment. 

Surgical  anaesthesia  was  produced  by  the  intravenous 
injection  of  sodium  pentobarbital  in  a  dosage  of  35  mgm  per 
kilogram  body  weight.  Additional  anaesthetic  was  administered 
as  required  during  the  experiment  to  maintain  a  light  level 
of  surgical  anaesthesia.  With  the  aid  of  a  laryngoscope  a 
Magill  endotracheal  tube  was  passed  into  the  trachea  to 
ensure  a  free  airway. 

Figure  1  shows  semidiagramatically  all  cannulae  in 
place.  Both  the  left  and  right  external  jugular  veins  were 
exposed  through  small  transverse  incisions  in  the  neck.  The 
return  flow  tube  from  the  flowmeter  was  filled  with  normal 
saline  and  clamped  at  a  position  between  the  flowmeter  and  the 
side  arm  through  which  the  constant  infusion  of  PAH  and 
creatinine  would  later  be  given.  The  open  end  of  the  tube  was 
then  inserted  into  the  left  external  jugular  vein  and  secured 
in  place.  To  facilitate  the  collection  of  a  representative 
sample  of  arterial  blood  and  to  measure  arterial  blood  pressure 
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a  short  circuit  apparatus  consisting  of  a  plastic  cannula 
for  the  femoral  artery  connected  to  a  "T11  tube,  which  was 
joined  through  a  three-way  stopcock  to  a  cannula  for  the 
femoral  vein,  was  devised.  The  side  arm  of  the  ,fT,f  tube 
was  connected  to  a  pressure  transducer  used  to  measure  and 
record  the  arterial  blood  pressure  on  a  Sanborn  Reactance 
Bridge  pen-writer.  The  system  was  filled  with  heparinized 
saline  and  the  three-way  stopcock  adjusted  to  prevent  any 
flow  through  the  circuit.  The  femoral  artery  and  vein  were 
exposed  and  cannulated  with  the  respective  cannula  of  the 
short-circuit  apparatus.  A  complete  midline  laparotomy  was 
performed  and  a  sample  of  bladder  urine  taken  to  be  used  as 
a  blank  in  the  chemical  determination  of  exogenous  urine 
creatinine.  To  conserve  time  the  priming  dose  was  given 
and  the  constant  infusion  of  PAH  and  creatinine  started  as 
soon  as  this  sample  had  been  obtained.  The  ureters  were 
located  and  exposed  at  the  positions  where  they  cross  over 
the  iliac  arteries.  Small  plastic  cannulae,  about  20  inches 
long  and  of  a  diameter  which  would  permit  insertion  of  a 
number  1$  needle,  were  inserted  into  the  ureters  until  their 
tips  lay  approximately  in  the  renal  pelvis.  These  cannulae 
were  secured  firmly  in  place  with  cotton  ligatures.  The  left 
renal  vein  was  located  and  dissected  partially  free  to  permit 
passage  of  a  loose  cotton  ligature  around  it.  At  this  point 
the  animal  was  given  heparin  in  a  dosage  of  4  mgm  per  kilogram 
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body  weight.  Then  with  the  aid  of  a  steel  stylus  a  number 
16  French  plastic  catheter  was  passed  down  the  right  external 
jugular  vein  into  the  inferior  vena  cava.  The  end  of  the 
catheter  was  gently  manipulated  into  the  left  renal  vein  and 
secured  in  place  with  the  previously  placed  cotton  ligature. 

The  other  end  of  the  catheter  was  immediately  connected  to 
the  proximal  side  of  the  flowmeter  and  the  clamp  on  the  return 
flow  tube  released,  so  that  in  most  cases  the  left  renal 
blood  flow  was  interupted  for  only  about  30  seconds.  Thus 
the  left  renal  venous  outflow  was  diverted  through  the  flow¬ 
meter  and  returned  to  the  left  external  jugular  vein.  Finally 
the  abdominal  incision  was  closed  with  towel  clips,  as  were 
all  other  incisions.  Throughout  the  remainder  of  the  experi¬ 
ment  10  mgm  of  heparin  was  given  at  half  hour  intervals  to 
avoid  the  formation  of  blood  clots  in  the  flowmeter. 

Collection  of  Blood  and  Urine  Samples 

The  first  clearance  period  was  started  at  least  40 

minutes  after  the  initial  priming  dose  of  PAH  and  creatinine 
had  been  given.  Separate  10  minute  urine  samples  were  collected 
from  the  two  ureteral  catheters  into  12  ml  graduated  conical 
bottom  centrifuge  tubes.  Nine  minutes  after  the  beginning  of 
the  collection  period,  a  record  of  the  arterial  blood  pressure 
and  the  direct  renal  blood  flow  was  taken.  The  femoral 
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arterial-venous  shunt  was  opened  for  about  15  seconds  and  a 
7  ml  sample  of  arterial  blood  was  withdrawn  from  the  moving 
stream  of  blood  into  a  dry  10  ml  syringe •  The  shunt  was 
then  closed  until  the  next  arterial  blood  sample  was  taken. 
Simultaneously  an  S  ml  sample  of  left  renal  venous  blood  was 
drawn  from  the  side  arm  proximal  to  the  flow  meter.  Duplicate 
haematocrit  samples  were  taken  from  the  renal  venous  blood 
into  dry  Wintrobe  tubes.  At  the  end  of  an  experiment  all 
haematocrit  samples  were  centrifuged  at  2000  r.p.m.  for  30 
minutes.  The  remainder  of  the  renal  venous  blood  sample  and 
the  arterial  blood  sample  were  transferred  to  10  ml  centrifuge 
tubes  and  centrifuged  at  the  end  of  the  experiment  at  2000 
to  2500  r.p.m.  for  20  minutes. 

Deviations  in  General  Procedure 

Control  renal  clearances  were  determined  {Series  I, 
part  1;  Series  I,  part  2;  and  Series  V)  without  the  flowmeter 
installed.  In  this  case  no  dissection  of  the  renal  vein  was 
done  until  the  control  periods  were  completed.  The  haemato¬ 
crit  was  determined  from  the  arterial  blood  samples  taken. 

Other  specific  details  of  deviations  in  the  general  exper¬ 
imental  procedure  will  be  given  in  the  discussion  of  each  series 
of  experiments. 

Certain  variations  in  experimental  procedure  have 


been  used  which  do  not  conform  with  any  particular  series 
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These  are  given  in  the  table  of  all  experiments  done 
(Appendix  VI  ),  and  a  brief  discussion  of  the  reasons  for 
using  these  deviations  will  now  ensue.  In  many  of  the  early 
experiments  a  low  blood  pressure  was  found  to  develop  during 
the  course  of  the  experiment  and  in  addition  urine  output  was 
often  too  low  for  clearance  determinations.  To  try  and  correct 
these  difficulties  a  slow  infusion  of  normal  saline  solution 
was  sometimes  used.  A  6  per  cent  solution  of  Dextran  was  also 
sometimes  given  to  replace  the  blood  lost  during  the  surgery 
and  taken  for  clearance  determinations.  Also,  small  amounts 
of  2  to  10  per  cent  saline  solution  were  sometimes  given  in 
an  attempt  to  increase  the  urine  production. 

In  these  early  experiments  vasomotor  shock  waves 
were  often  present  on  the  blood  pressure  record.  It  has  been 
shown  by  Roth,  McKenna  and  Govier  (195$)  that  the  tranquilizers 
perphenazine  and  chlorpromazine  significantly  increase  the 
survival  rate  of  rats  subjected  to  drum  shock,  and  in  addition, 
that  chlorpromazine  significantly  increases  the  survival  rate 
of  dogs  subjected  to  haemorrhagic  shock,  de  Weid  and  Jinks 
(195$)  have  shown  that  chlorpromazine  inhibits  the  anti¬ 
diuretic  response  of  rats  to  painful  stimuli,  but  has  no  sig¬ 
nificant  effect  on  the  antidiuretic  response  to  injection  of 
histamine  or  nicotine.  In  view  of  these  literature  reports  it 
was  decided  to  pretreat  the  animals  with  some  tranquilizer. 


.  \  •  *  •  -  : 9  IJ_.  •.  r;  c  ■:  I 9: r9  .r:  'r  ".r.  ooorT 

-  •'/ '  c  T“"'  r.I.  .  r r • :  ’9  v:c  ri  I  ■/  >:  1  ,,rn  //’"or  n:  odd  '  ■ i  i ?  ,r ' 

'  c  '  e  $ !  ’  r'  1  10889*  boold-  '  '  '  '  9  X* £  '  ” 

l  -  ■  -  e  ■ .  '  '  '  ■  3  981000  6  Id 

■'  9-  *‘".rr  :  '  •  '  no  r  .  . :  '  .  '  •  ^  '  '  ?r  d  nr  \  ~  •'  r  d  iorj'  ( 

ic  t:  sjI  e  efii.JjB*  I  ■  ■  c  '  i  ol  £d\£j  ' '  '  V  es  Id 

<  -  X  •  :  ,  -  -  ■  ■  '  £  [(  la®  i©q  »b©80  es-nxdsmoa  8Bi 

-g--  *  ■  9  ,rd  ■  o  r  "  c.(  I  "  odd  so si rrn  od  nmd  f  o^dd'e  :C8 

:  fr:o": ;>  •  f<\;  /'  . ;  /  •  '  •/-'■'  •  '//  r  ’  -d  d.n.9 

iSV.td  B  8  "  ;  •  -  -  ’  ■  •  ■  ■  ■  ■  )|  od  ! 

.  ioloj  ndc:  '  "  ■  o-  re1::  tx  od  d  -  :od\-t£  ns 

o  /or. ;  <■  -d  .-■  ■■,  (..~r  •  •-  -.//.no  or  9  :d  :i. 

' 9  9  •  ■  '  r  a  e  ‘  9‘  '  .  Or  '  '  '  '  C  r  '  9  ;  ^  r  *  ,  '  ;  9  rr  9VT 

nodd'/'d  ro\:  o';';  '''  ■  'd  (  ""  d!  “o':  -<  '  •  9  9.  -od.o‘  .  ,  'do  •  d;'r  ore/  id 

99c  :  '  ■  '  ‘ ,r9'  :r:  ‘  c:  • :  /;(  I.  ’/  '  /;.  o  '.^rr  :::  'non 


. ■  -  •  ■ 


V.  .r- ;  r  v r.  9  : ’  0C  7:  r  :  /•-.  c  .9 

©d  “  l&vx  rim  BtirJ  soEsoionx  J  enisBsioiqioXrk  d-Brid 

:  ’’  r':--  '  ’no.  o.’  .  ’  r  :r  /.v  v  r  9;  ’  . c •*'  od:  9>  ;'j!9  '  '  v  ‘  c. 

9  8 dX'dld  ’  9  '  0'rI G‘  ‘r  fd . r  {(  '  •  (  ‘  l) 

cn  •  -'t  •'  •: /j;,- ;>  "r‘ /•;•  /;.  r  r  :  ‘  (  f  r  x  v :  • ;  rxdonniiJb 

•  •  .  0 •  od  ■  •  roqeei  ;  td  * r.0  tbxdns  *  Id  tc id;  '  '  \  c  F  t 

ctj;  rnom  enndinon j:I  9 r. 9 . 'd  '>o  ivel-r  n I  « 9- '.cr cc in  10  on.trBdsi'ff 
r.':I ‘■r—'.  9  c  • .  :  -1  !/'■  :/:ns  on;'-  di'-O'  I'/on  r  c9  .or  .-.0  ;..rn; 


-61- 


Reserpine  was  tried.  While  it  seemed  to  give  good  results  in 
the  first  experiment  in  which  it  was  used,  the  dog  died  in 
the  second  experiment  due  presumeably  to  a  potentiation  of 
reserpine  and  sodium  pentobarbital.  Perphenazine  (Trilafon) 
was  used  and  it  was  found  that  the  intraperitoneal  administrat¬ 
ion  of  this  drug  in  a  dose  of  5  mgm  per  dog  was  satisfactory. 
Although  no  actual  study  of  the  effectiveness  of  perphenazine 
in  preventing  the  development  of  shock  was  done,  it  did  seem 
to  reduce  the  incidence  of  appearance  of  vasomotor  shock 
waves  in  the  blood  pressure  and  the  number  of  unuseable 
experiments  due  to  low  blood  pressure.  Perhaps  a  better 
surgical  technique  resulting  from  experience  explains  the 
results.  In  any  event  Trilafon  was  given  intraperitoneally 
about  30  minutes  prior  to  the  induction  of  anaesthesia  in  all 
experiments  from  number  29  to  number  57,  the  animals  were 
water  loaded  by  administration  of  200  to  300  mis  of  tap  water 
through  a  stomach  tube  at  a  time  estimated  to  be  one  to  one 
and  one-half  hours  prior  to  the  first  clearance  period.  In 
most  cases  this  procedure  resulted  in  a  urine  flow  sufficient 
for  clearance  determinations. 

Chemical  Analysis  of  Blood  and  Urine  Samples 

Initial  Treatment  of  Blood 

Diluted  protein-free  plasma  samples  for  the  subse¬ 


quent  determination  of  PAH  and  creatinine  were  prepared  by 
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adding  2  mis  of  plasma  to  a  test  tube  containing  16  mis  of 
distilled  water,  1  ml  of  2/3  N  sulfuric  acid  and  1  ml  of 
10  per  cent  sodium  tungstate.  This  mixture  was  shaken  and 
allowed  to  stand  five  minutes  before  being  filtered  through 
Whatman  number  one  filter  paper. 

Determination  of  Plasma  PAH  Concentration 

The  concentration  of  PAH  in  the  plasma  was  determined 
by  a  modification  of  the  method  of  Smith,  Finkelstein,  Alminosa, 
Crawford,  and  Graber  (1945)*  Duplicate  2  ml  aliquots  of  each 
diluted  protein-free  plasma  sample  were  transferred  to  5  ml 
round  photometer  tubes.  To  one  photometer  tube  was  added  2 
mis  of  distilled  water  and  this  blank  carried  through  the 
rest  of  the  procedure  together  with  the  plasma  samples. 

To  each  photometer  tube  was  added  0.4  ml  of  1.2  N 
hydrochloric  acid  and  0.2  ml  of  0.1  per  cent  sodium  nitrite. 

The  tubes  were  shaken  and  allowed  to  stand  five  minutes. 

Then  0.2  ml  of  0.5  per  cent  ammonium  sulphamate  was  added 
and  the  tubes  again  shaken  and  allowed  to  stand  three  minutes. 
Then  0.2  ml  of  0.1  per  cent  N- ( 1-naphthyl ) -ethylenediamine 
Dihydrochloride,  the  coupling  reagent,  was  added  and  each  tube 
shaken  immediately  after  this  addition.  If  the  tubes  were 
not  shaken  immediately  after  addition  of  the  coupling  reagent 
a  cloudiness  developed  due  to  reaction  of  the  coupling  reagent 
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with  excess  protein  precipitant.  The  samples  were  allowed  to 
stand  ten  minutes  after  addition  of  the  coupling  reagent  and 
their  optical  density  determined  in  a  Fisher  Electrophotometer 
nulled  to  read  zero  optical  density  with  the  blank.  A  green 
filter  was  used  in  the  Electrophotometer  to  select  a  wave 
length  of  approximately  525  millimicrons  for  all  determin¬ 
ations  of  optical  density  done  in  this  investigation. 

Finally  the  average  optical  density  of  the  duplicates 
was  applied  to  a  standard  graph  of  optical  density  plotted 
versus  mgm  per  cent  of  PAH  in  the  plasma  to  obtain  the  plasma 
concentration  of  PAH. 

Plasma  Creatinine 

Creatinine  concentrations  were  determined  by  a 
modification  of  the  Folin-Wu  alkaline  picrate  method  reported 
by  Bonsnes  and  Taussky  in  1945*  Duplicate  3  ml  aliquots  of 
the  protein-free  plasma  samples  were  transferred  to  round 
photometer  tubes.  To  each  tube  was  added  1  ml  of  0.04  M 
picric  acid  and  1  ml  of  10  per  cent  sodium  hydroxide.  The 
samples  were  shaken  and  10  minutes  allowed  for  the  color  to 
develop.  A  blank  containing  3  mis  of  distilled  water  was 
carried  through  the  same  procedure.  The  optical  density  of 
the  samples  was  then  read  in  the  Electrophotometer  against 
the  water  blank  used  to  null  the  instrument  to  read  zero 
optical  density.  Finally  the  average  optical  density  of  the 
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duplicates  was  applied  to  a  standard  graph  of  optical  density 
plotted  versus  mgm  per  cent  creatinine  in  the  plasma  to 
obtain  the  plasma  creatinine  concentrations. 

Initial  Treatment  of  Urine 

From  urine  volumes  below  1.5  mis,  between  1.5  and 
4  mis,  between  4  and  10  .mis,  and  above  10  mis,  l/2,  1,  2,  or 
3  mis  respectively  was  transferred  to  a  100  ml  volumetric 
flask  and  diluted  to  the  mark  with  distilled  water.  One-half 
ml  of  bladder  urine  was  also  diluted  to  100  mis  and  used  as 
the  blank  for  urine  creatinine  determinations,  thus  correcting 
for  endogen  ous  chromogens. 

Determination  of  Urine  PAH  Concentration 

One  ml  of  the  above  diluted  urine  was  added  to  19 
mis  of  distilled  water.  Two  ml  duplicates  were  taken  from 
each  of  these  latter  dilutions  and  carried  through  the  same 
procedure  as  for  plasma  PAH  determinations.  In  this  case  it 
is  not  absolutely  necessary  to  shake  each  tube  immediately 
after  addition  of  the  coupling  reagent.  Finally  the  average 
optical  density  of  the  duplicates  was  applied  to  a  standard 
curve  of  optical  density  plotted  versus  urine  PAH  concentrat¬ 
ion  to  obtain  the  urine  PAH  concentration. 
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Determination  of  Urine  Creatinine  Concentration 

One  ml  of  the  diluted  urine  was  added  to  9  mis  of 
distilled  water  and  3  ml  duplicates  of  this  latter  dilution 
carried  through  the  same  procedure  as  for  the  plasma  creat¬ 
inine  determinations.  In  this  case  the  bladder  urine  was 
also  carried  through  the  same  procedure  and  used  as  the 
blank  to  null  the  Electrophotometer  to  read  zero  optical 
density.  Finally  the  average  optical  density  of  the  duplicates 
was  applied  to  a  standard  graph  of  optical  density  plotted 
versus  mgm  per  cent  of  creatinine  in  the  urine  to  obtain  the 
urine  creatinine  concentration. 

Preparation  of  Standard  Curves 

Plasma  PAH  and  Creatin i n e 


A  standard  solution  of  PAH  and  creatinine  was  made 
up.  Varying  amounts  of  this  solution  were  added  to  test  tubes 
in  such  a  way  that  the  expected  range  of  plasma  concentrations 
would  be  covered  and  the  volume  made  up  to  16  mis  with  distilled 
water.  One  ml  of  2/3  N  sulfuric  acid  and  1  ml  of  10  per  cent 
sodium  tungstate  solution  was  added.  Finally  2  mis  of  plasma 
Containing  no  added  PAH  or  creatinine  was  added  to  each  test 
tube.  The  tubes  were  shaken  and  allowed  to  stand  for  ten 
minutes  before  being  filtered  and  carried  through  the  proced¬ 
ures  previously  described  for  plasma  PAH  and  creatinine 
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analysis  •  A  plasma  blank  was  carried  through  the  same 
procedure.  The  optical  densities  of  the  various  standards 
were  plotted  against  mgm  per  cent  PAH  or  creatinine  giving 
two  standard  curves,  one  for  plasma  PAH  and  one  for  plasma 
creatinine. 

Urine  PAH  and  Creatinine 

Varying  amounts  of  the  standard  solution  of  PAH 
and  creatinine  were  added  to  100  ml  volumetric  flasks  in  such 
a  way  that  the  expected  range  of  urine  concentrations  of 
these  substances  would  be  bracketed.  One-half  ml  of  bladder 
urine  was  added  to  each  flask  and  the  volume  made  up  to  100 
mis  with  distilled  water.  One  ml  aliquots  of  these  dilutions 
were  then  carried  through  the  procedures  for  the  determination 
of  urine  PAH  and  urine  creatinine  concentrations.  The  optical 
densities  of  the  samples  were  plotted  against  the  known 
added  concentrations  of  PAH  and  creatinine  to  give  two  stand¬ 
ard  curves  for  urine  PAH  and  creatinine. 
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ERRORS  OF  METHODS 


The  Chemical  Method 

Separate  duplicates  of  4$  plasma  and  4$  urine 
samples  were  carried  through  the  procedures  for  PAH  and 
creatinine  analysis.  The  average  difference  from  the  mean 
df  the  paired  samples  was  calculated  and  is  shown  below. 
Plasma  creatinine..............  1.0  per  cent 

Plasma  PAH.....................  1.5  per  cent 

Urine  creatinine...............  3»1  per  cent 

Urine  PAH..... . 2.9  per  cent 

The  larger  errors  in  the  urine  determinations  was  found  to  be 
due  to  incomplete  mixing  of  the  sample  during  the  first 
dilution.  By  thorough  mixing,  the  errors  were  reduced  to 
between  1  and  1.5  per  cent.  However,  since  the  larger  error 
was  present  during  approximately  the  first  third  of  the  work, 
the  total  compounded  error  was  calculated  from  the  larger 
values.  This  gives  the  maximum  probable  error. 

Maximum  Error  in  Calculated  Clearances 

The  maximum  error  of  any  value  calculated  mathemat¬ 
ically  depends  upon  the  error  of  each  value  substituted  into 
the  mathematical  equation  and  upon  the  structure  of  the 
equation  used.  If  any  numbers  in  the  equation  are  added  or 
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subtracted,  the  absolute  error  of  each  of  the  numbers  is 
added  together.  If  any  numbers  are  multiplied  or  divided 
together,  the  per  cent  error  of  each  of  the  numbers  is  added. 

For  example,  the  maximum  probable  error  in  the 
renal  blood  flow  determined  from  the  extraction  of  PAH  was 
calculated.  The  arterial  and  renal  venous  plasma  PAH  con¬ 
centrations  were  taken  to  be  1.5  and  0.5  mgm  per  cent  respect¬ 
ively.  The  equation  for  calculating  the  renal  blood  flow 
was  as  follows: 

RBF  =  U  x  V  x  100 

Pa  -  Py  %  of  Plasma  in  Blood 

The  maximum  error  in  each  of  the  values  was  estimated  to  be 
as  follows: 

V  =  t  5  per  cent  (i.e.  for  urine  volume  of  1  ml) 

U  =  t  2.9  per  cent 

Pa  =  i  1.5  per  cent  or  (1.5  £  0.0225) 

Pv  =  -  1.5  per  cent  or  (0.5  ±  0.0075) 

%  plasma  =  -  0.1  per  cent 

Then  the  Maximum  Per  Cent  Error  in  RBF  = 

5  +  2.9  +  (0.0225  +  Q.OQ75)  v  100)+  0.1  equals  ±11.0 

1.0  x 

By  a  similar  type  of  calculation  the  maximum  probable  error 
in  the  glomerular  filtration  rate  was  calculated  to  be  £  9.1 
per  cent. 


The  maximum  error  in  the  directly  measured  renal 
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blood  flow  has  been  estimated  to  be  5  per  cent  (Nash  and 
Milligan,  1959).  The  author  found  the  error  to  be  only  about 
3  per  cent  when  a  later  model  of  the  flowmeter  was  used. 

It  should  be  realized  that  these  errors  represent 
the  extreme  maximum.  If  a  large  number  of  determinations  are 
made  the  error  in  the  average  becomes  progressively  less. 

This  is  because  the  error  of  the  average  of  a  large  number  of 
values  each  containing  an  error  may  be  represented  as  being 
approximately  equal  to  the  average  of  the  absolute  errors 
divided  by  the  square  root  of  the  number  of  values  averaged. 

The  calculated  values  of  the  maximum  probable  errors  indicate 
that  clearance  determinations  are  subject  to  a  relatively 
large  inherent  error  compounded  through  the  necessary  math¬ 
ematical  calculations.  The  experimental  results  showed  a 
much  wider  standard  deviation  from  the  mean  for  the  renal  blood 
flow  calculated  from  the  extraction  of  PAH  than  did  the  same 
value  determined  directly  with  the  bubble  flowmeter.  Since 
both  determinations  are  presum  ably  subject  to  the  same 
biological  variation,  this  difference  is  explained  on  the 
basis  of  the  larger  probable  error  calculated  above. 
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STATISTICAL  ANALYSIS 


The  standard  students1  t  test  for  non-paired  variates 
was  used  to  determine  the  significance  of  the  difference  of 
the  means  (xq  and  X2)  of  the  various  left  and  right  renal 
functions,  and  the  unilateral  renal  functions  before  and  after 
a  treatment.  Calculations  were  made  using  the  standard 
equations  presented  by  Goulden  (1956,  p  55)  and  modified  to 
facilitate  machine  calculation. 

The  variance  (  s2  )  from  the  mean  (  x  )  for  each 
set  of  variates  was  calculated  by  the  equation, 

£  x2  -  (£x)2 

s2  = _ (13) 

n  -  1 

where  n  is  the  number  of  variates. 

The  standard  deviation  from  the  mean  (  s_  )  for  two 

d 

sets  of  variates  was  calculated  by  the  equation, 

s_2  =  £1  f2  (19) 

d  nl  n2 

The  value  of  t  was  then  obtained  by  applying  the 

equation. 
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In  entering  the  tables  of  t,  to  obtain  the  values  of  P,  the 
degrees  of  freedon  ( D • F • )  were  calculated  from  the  expression, 

D.F.  =  n  +  n2  -  2  (21) 

In  the  discussions  of  results  obtained,  the  word 
significant  has  only  been  used  where  statistical  analysis  of 
the  results  was  done.  Table  1  gives  the  symbols  and  term¬ 
inology  used  to  refer  to  various  values  of  P. 

TABLE  1 


P  Value  Assigned  Significance  Symbol  Used 


0.001  or  less 

Highly  significant 

*9* 

-V* 

0.001  -  0.05 

Significant 

❖ 

0.05  -  0.10 

Possibly  significant 

Value  of  P  stated 

0.10  or  greater 

No  significance 

No  sig. 

One  of  the  criteria  for  using  Student’s  t  test  is 
that  the  data  must  be  normally  distributed.  Since  this  was  not 
always  the  case  the  significance  of  the  difference  between  some 
of  the  renal  functions  may  not  be  as  great  as  reported. 
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CRITERIA  OF  ACCEPTANCE  OF  EXPERIMENTS 


On  the  basis  of  the  available  literature  and  for 
other  reasons,  the  following  criteria  for  acceptance  of 
experiments  was  used. 

sjc 

1.  Blood  pressure  of  animal  must  be  above  BO  mm.  Hg. 

2.  Arterial  plasma  PAH  concentration  must  be  between 
0.7  and  2.5  mgm.  per  cent. 

3.  There  must  be  no  known  error  in  the  chemical 
determinati ons . 

4.  There  must  be  sufficient  urine  for  chemical  analysis. 
As  well  as  failure  to  satisfy  all  of  these  criteria  certain 
experiments  were  not  included  in  any  of  the  different  series 
of  results  because  in  some  cases  the  dog  died  before  an 
experiment  was  completed  and  in  other  cases  some  of  the 
samples  of  blood  or  urine  were  lost  due  to  breakage,  making 
the  experiment  incomplete.  Perusal  of  the  tables  of  all 
experiments  done  (Appendix  VI)  will  show  the  experiments 
which  were  not  used  and  the  reasons  for  not  using  them.  No 
experiment  was  rejected  unless  it  failed  to  satisfy  one  or 
more  of  the  above  criteria. 

*  Shipley  and  Study  (1951)  have  shown  that  the  glomerular 
filtration  rate  and  renal  blood  flow  remain  relatively  constant 
over  the  arterial  blood  pressure  range  of  BO  to  1B0  mm  Hg. 

Below  an  arterial  blood  pressure  of  BO  mm  Hg.  these  functions 
decreased  in  a  linear  fashion. 
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SERIES  I.  PART_1 
CONTROL  RENAL  FUNCTIONS 

A  series  of  eight  experiments  (numbers  22,  23,  24, 

36,  37,  3$,  39,  and  56)  were  performed  in  which  the  various 
unilateral  renal  functions  were  determined  for  three  10  minute 
clearance  periods  before  catheterization  or  dissection  of  the 
left  renal  vein  was  done.  In  most  of  these  experiments  some 
other  procedure  was  carried  out  on  the  same  animal  after  the 
control  results  were  taken  so  that  they  are  also  found  in  other 
series. 

The  detailed  results  from  each  of  the  eight  exper¬ 
iments  used  in  this  control  series  are  presented  in  Appendix 
I,  part  1.  The  mean  values  of  each  of  the  various  renal 
functions  were  determined  for  each  of  the  three  10  minute 
clearance  periods  and  plotted  on  the  graph  labeled  Series  I, 
graph  1.  The  graph  clearly  indicates  that  there  was  little 
or  no  difference  between  the  left  and  right  urine  flow,  glom¬ 
erular  filtration  rate,  renal  blood  flow,  or  resistance  to 
blood  flow*  In  fact,  a  statistical  comparison  between  the 
mean  value  of  the  24  determinations  of  each  of  the  left  and 
right  renal  functions  showed  that  there  was  no  significant 
difference  between  any  of  the  left  and  right  renal  functions 
measured. 

In  table  2  a  comparison  has  been  made  between  the 
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average  control  value  of  each  of  the  renal  functions  measured 
and  the  published  values  of  these  same  renal  functions.  From 
table  2  it  is  evident  that  the  control  values  found  in  this 
work  fall  within  the  range  of  values  found  by  other  workers. 


TABLE  2 


Renal  Function  Mean  Control  Values  Published  Values 

(  S.D. ) 


Left  GFR 
Right  GFR 


2.59  1.06  ml/min/Kg  4.29(2.15-3.32)  ml/min/Kg 

(Houck  -  1943) 

2.69  0.97ml/min/Kg  4.2  ml/min/Kg  (Atkins  & 

Pearce  -  195°).  Values  are 
total  for  both  kidneys. 


Left  RBF  15.15  3.4  ml/min/Kg  Effective  RPF:-13.51 

Right  RBF  (£. 05-22.4 )ml/min/Kg  (Houck, 

1943);  12.0  ml/min/Kg 
(Atkins  &  Pearce,  1953). 
Values  are  total  for  both 
kidneys . 


Left  Resistance 

1.01 

0.51 

PRU 

Right  Resistance 

1.04 

0.64 

PRU 

Left  FF 

0.34 

0.07 

Right  FF 

0.36 

0.03 

0.93  (0.63-1.40)  PRU  at  a 


0.25  to  0.37 
(Ashein  et  al.,  1953) 
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SERIES  I.  PART  2 


Renal  Functions  Before  and  After  Catheterization  of  the 

Left  Renal  Vein 

Five  experiments  (numbers  22,  37,  33,  39  and  56) 
were  performed  in  which  the  various  unilateral  renal  functions 
were  determined  for  three  10  minute  clearance  periods  before 
catheterization  of  the  left  renal  vein  and  for  three  10  minute 
clearance  periods  after  the  left  renal  vein  was  catheterized. 

The  interval  of  time  between  the  end  of  the  last  control 
clearance  period  and  the  beginning  of  the  first  clearance 
period  after  the  flowmeter  was  installed  varied  from  25  to  L, 0 
minutes.  The  detailed  results  from  these  experiments  are 
shown  in  Appendix  I,  part  2.  For  the  calculation  of  the  mean 
values  of  the  various  renal  functions  shown  in  the  graph  labeled 
Series  I,  Part  2  experiment  number  56  was  excluded  because 
the  blood  samples  taken  during  this  experiment  were  stored  on 
ice  and  centrifuged  in  the  cold  centrifuge.  It  therefore 
seemed  invalid  to  include  the  results  of  experiment  56  with 
the  other  four  experiments  in  which  the  blood  samples  were 
stored  and  centrifuged  at  room  temperature.  Also  by  excluding 
experiment  56  a  comparison  could  be  made  between  the  results 
obtained  in  it  and  the  mean  results  of  the  other  four  experi¬ 
ments  to  give  some  idea  of  the  error  produced  in  the  earlier 
experiments  by  diffusion  of  PAH  out  of  the  blood  cells  in  the 
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left  renal  venous  blood  samples*  The  control  values  for  the 
experiments  in  this  series  were  included  in  Series  I,  Part  1, 
and  they  are  repeated  here  to  facilitate  comparison  of  the 
different  renal  functions  before  and  after  catheterization 
of  the  left  renal  vein. 

Statistical  analysis  of  the  results  shown  in  the 
graph  for  this  series  revealed  that  there  was  no  significant 
difference  between  the  left  and  right  urine  flow,  glomerular 
filtration  rate  or  renal  blood  flow  before  the  left  renal 
vein  was  catheterized.  The  resistance  to  blood  flow  in  the 
left  and  right  kidneys  respectively  was  1.174  and  1.173  PRU. 
These  values  were  so  close  together  that  it  was  assumed  that 
there  was  no  difference  between  them.  The  graph  clearly 
indicates  that  catheterization  of  the  left  renal  vein  produced 
rather  striking  changes  in  the  left  renal  function.  After 
catheterization  of  the  left  renal  vein  the  left  urine  flow  was 
significantly  lower  than  the  right.  The  left  glomerular 
filtration  rate  and  true  filtration  fraction  were  distinctly 
lower  than  the  right  and  these  differences  were  found  to  be 
highly  significant.  The  left  renal  blood  flow  as  calculated 
from  the  extraction  of  PAH  was  possibly  significantly  lower 
than  the  right  renal  blood  flow  calculated  from  the  estimated 
extraction  of  PAH  (  p  —  0.0&).  There  was  no  significant 
difference  between  the  left  renal  blood  flow  determined 
directly  with  the  flowmeter  and  calculated  from  the  extraction 
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of  PAH.  There  was  a  significant  difference  between  the  left 
renal  blood  flow  measured  directly  and  the  right  renal  blood 
flow  calculated  from  the  estimated  extraction  of  PAH.  There 
was  no  significant  difference  between  the  left  renal  resist¬ 
ance,  calculated  from  either  the  directly  or  indirectly 
measured  left  renal  blood  flow,  and  the  right  renal  resistance 
calculated  from  the  indirectly  measured  right  renal  blood 
flow. 

Comparing  the  various  unilateral  renal  functions 
before  and  after  catheterization  of  the  left  renal  vein  it 
was  found  that  the  only  right  renal  functions  which  decreased 
significantly  were  the  glomerular  filtration  rate  and  filtration 
fraction.  The  right  filtration  fraction  decreased  from  an 
average  of  Q.36  to  0.29  while  the  left  filtration  fraction 
decreased  from  0.34  to  0.12.  Although  the  right  filtration 
fraction  decreased  significantly  the  latter  average  value 
was  still  within  normal  limits.  The  decrease  in  the  left 
filtration  fraction  was  highly  significant  and  the  average 
value  after  catheterization  was  well  below  normal  values. 

Thus  the  difference  between  the  left  and  right  filtration 
fraction  after  catheterization  was  highly  significant.  Further, 
the  left  urine  flow  decreased  significantly  and  the  left 
glomerular  filtration  rate  decreased  in  a  highly  significant 
fashion  after  the  left  renal  vein  was  catheterized.  The 
decrease  in  the  left  renal  blood  flow  which  resulted  from 
installing  the  meter  was  possibly  significant.  (P  =  0.0?  - 
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comparing  left  RBF  (PAH)  before  and  after;  P=  0.036  -  comparing 
left  RBF  (PAH)  before  and  left  RBF  (meter)  after).  There 
was, however,  no  significant  change  in  the  left  renal  resistance 
to  blood  flow,  an  observation  which  finds  explanation  from 
the  highly  significant  decrease  in  the  arterial  blood  pressure 
from  an  average  of  124.5  before  to  103.2  mm.  Hg  after  the 
catheterization.  Finally,  it  was  observed  that  the  left 
extraction  ratios  of  PAH  after  catheterization  of  the  left 
renal  vein  were  low,  averaging  0.55  as  compared  to  the  normal 
value  of  0.32  reported  by  Asheim  et  al.  (195&) • 

The  results  of  experiment  number  56  were  essentially 
the  same  as  the  results  of  the  other  four  experiments  in 
this  series.  The  left  extraction  ratio  of  PAH  was  slightly 
higher  (averaging  0.65 )  but  still  below  normal.  This  value 
may  give  some  indication  of  the  error  produced  by  diffusion 
of  PAH  out  of  the  blood  cells  in  the  renal  venous  blood 
samples  handled  at  room  temperature. 

In  summary  then,  this  series  of  experiments  showed 
that  catheterization  of  the  left  renal  vein  produced  a  marked 
and  significant  depression  of  the  left  urine  flow,  glomerular 
filtration  rate,  and  true  filtration  fraction  and  a  low  extraction 
ratio  of  PAH.  There  was  a  possibly  significant  depression  of 
the  left  renal  blood  flow  but  the  resistance  to  blood  flow  did 
not  change  significantly.  On  the  right  side  only  the  glom¬ 
erular  filtration  rate  and  filtration  fraction  decreased  sig- 
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nificantly  as  a  result  of  catheterization  of  the  left  renal 
vein.  However,  the  average  right  glomerular  filtration  rate 
of  1.97  0.63  ml/min/Kg.  was  still  probably  within  normal 

limits.  The  changes  in  left  renal  function  can  all  be  explained 
by  the  "Oxford  shunt  hypothesis” •  The  data  indicated  that 
the  response  was  primarily  unilateral  and  therefore  the 
right  kidney  could  possibly  be  used  as  a  control  in  further 
experiments. 


CHAPTER  FOUR 


DISCUSSION  OF  THE  RESULTS 
FOR  SERIES  II 


UNILATERAL  RENAL  FUNCTIONS 
AFTER  CATHETERIZATION  OF  LEFT  RENAL  VEIN 
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SERIES  II  RESULTS 

Unilateral  Renal  Functions  After  Catheterization  of  the 

Left  Renal  Vein 

Series  II  includes  five  experiments  (numbers  &, 

10,  17,  19,  and  21)  in  which  the  left  renal  vein  was  cathet- 
erized  at  the  beginning  of  each  experiment.  The  various 
unilateral  renal  functions  were  then  measured  for  six  10 
minute  clearance  periods.  The  detailed  results  of  each  of 
the  experiments  of  this  series  are  presented  in  Appendix  II. 

The  mean  values  of  the  various  renal  functions  haerve  been 
plotted  on  the  graph  labeled  Series  II. 

Statistical  analysis  of  the  mean  values  of  the 
36  determinations  of  each  renal  function  was  performed.  The 
graph  indicates  that  the  left  urine  flow,  glomerular  filtration 
rate  and  renal  blood  flow  were  lower  than  the  corresponding 
renal  functions  of  the  right  kidney.  The  difference  between 
these  renal  functions  on  the  left  and  right  sides  was  found 
to  be  highly  significant.  The  resistance  to  blood  flow  in 
the  left  kidney  was  observed  to  be  higher  than  the  resistance 
to  blood  flow  in  the  right  kidney  and  this  difference  was 
found  to  be  highly  significant.  There  was  also  a  highly  sig¬ 
nificant  difference  between  the  left  true  filtration  fraction 
of  0.17  and  the  right  estimated  true  filtration  fraction  of 
0.3$.  There  was  no  significant  difference  between  the  left 


■'  0  "  ' 


O';;"::. 


...0  0 


U: 


' 


•  -  r  i:9v.;r.T . 0  oi  iiv. -o  o ; ;n';  . r-v^O':',  iir:r»,j-/;j.xmj 

v  -  ■  ■  -  -  o'  •  o  -  *  -  o  ')  .  . r> *.  ■  n  *  ■  i 

-0,0,  '  -J;  '^3  ■  I'.O1/  ft*  CO.  :  '  '-if  I  *  :3  ‘'.S'  f3  Y>.  V".  S'.i3 

■  0  -  '  r.7  ’  ■  ; .  '  '  •  \  J  ■  (  Y  7  ■  ‘  ’  ; 


>■  .  °  ■:  '  ‘  ” 

o  ‘  '  '  or  -  -  -  r  -  -  ■■  ;  V 

.  >o  |,io?fxo  '  •  r.c  '  :rr.  I  '  ;■* ' 

•  0  /  ■  0-t.J7  '•  •  Y'.ol  13  '■  ■  sdiY  0  *:  tiQB'Z*', 

— ,-r  oy  y,  ■ '  v  7.  .':.cc.r<;  V0  9^1 

•  0  -0/  '  '  '  '  '  .  "  O,  ' 

.  -  .  c  •  '  -■  r  «  ‘  .  «  •“'  '  "  -  '  '  ’  —  ;  '' 

, 

<  90::;  h'  \v  r i'CTlScOC  r  "V  V i  ? )}.:■[  9  [  0.1Y; 

:  ■;  00i  ‘  '  :  o.!  r;n  ••  ■f-"9  tb.Y  3  : "  9i"fC]'  r • V!C  K.’(  Id  od 

c ■  :9; \.  -  ''  -  ' ''v  ‘v 

, ;c  .  yt;  v  '  •  er".'  :  dV.el  o:  7  ueev;d9Cr  oyayyy/  .17;  d  :  o'e'Lcn 

“o'  ■  d  :c  '  '  "  ""  *  •'  •  ; 


RENAL  FUNCTIONS 
Series  II  (After  Meter  Installation) 
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renal  blood  flow  measured  with  the  flowmeter  (7*6  ml/min/Kg) 
and  the  left  renal  blood  flow  calculated  from  the  extraction 
of  PAH  (6.2  ml/min/Kg).  Finally,  the  extraction  ratio  of 
PAH  on  the  left  side  was  observed  to  be  low  throughout  the 
experiments  and  averaged  only  0.54* 

The  low  left  urine  flow,  glomerular  filtration 
rate,  true  filtration  fraction  and  extraction  ratio  of  PAH 
might  be  expected  if  the  "Oxford  shunt"  was  operating  in  the 
left  kidney.  The  low  left  renal  blood  flow  and  high  left 
renal  resistance  should  probably  not  result  from  operation 
of  the  "Oxford  shunt”.  A  discussion  of  the  reasons  for 
making  these  statements  will  now  ensue. 

The  average  left  renal  blood  flow  of  7.6  ml/min/Kg 
body  weight  as  measured  with  the  flowmeter  was  not  extremely 
low  and,  in  fact,  was  only  35  per  cent  lower  than  the  average 
right  renal  blood  flow  of  11.7  ml/min/Kg  observed  in  these 
experiments.  Phillips  et  al.  (1946)  showed  that  PAH  could  be 
normally  extracted  by  the  dog%  kidney  until  the  renal  plasma 
flow  was  lowered  to  about  three  per  cent  of  normal.  Moyer 
and  Handley  (1952)  found  that  the  PAH  extraction  was  not 
affected  until  the  renal  plasma  flow  was  reduced  to  ten  per 
cent  of  normal.  In  view  of  these  observations,  it  would  seem 
that  the  low  extraction  ratio  observed  by  the  author  was  not 
due  simply  to  the  lower  renal  blood  flow.  Breed,  Maxwell  and 
Smith  (1950)  and  many  other  workers  have  assumed  that  if  the 
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renal  blood  flow  was  diverted  away  from  the  cortical  glomeruli 
through  the  juxtamedullary  glomeruli  there  should  be  a 
reduction  in  the  extraction  ratio  of  PAH  but  no  decrease  in 
the  renal  blood  flow.  These  assumptions  were  probably  based 
on  the  work  of  Heggie  (1947)  who  showed  that,  while  the  juxta¬ 
medullary  glomeruli  make  up  only  fifteen  per  cent  of  the  total 
number  of  glomeruli  in  each  rabbit  kidney,  the  calculated 
volume  of  these  glomeruli  is  such  that  they  can  accommodate 
the  whole  normal  glomerular  capillary  blood  volume.  Lamport 
(1950)  has  shown  on  theoretical  grounds  that  the  maximum 
possible  decrease  in  cortical  flow  which  could  be  produced  by 
dilitation  of  the  vessels  of  the  juxtamedullary  area  would  be 
ten  per  cent.  He  calculated  that  a  maximal  cortical  vaso¬ 
constriction  would  only  increase  the  juxtamedullary  flow  by 
eleven  per  cent.  Thus  the  two  conditions  operating  together 
would  probably  only  cause  a  twenty-one  per  cent  increase  in 
the  blood  flow  through  the  juxtamedullary  zone.  It  would 
therefore  seem  that  if  the  total  renal  blood  flow  were 
"shunted**  through  the  juxtamedullary  nephrons  this  amount  of 
blood  would  encounter  an  increased  resistance  to  flow.  With 
a  constant  perfusion  pressure  the  blood  flow  would  be  forced 
to  decrease  and  the  gross  renal  resistance  forced  to  increase. 
The  observation  that  the  left  renal  blood  flow  was  thirty-five 
per  cent  lower  than  the  right  renal  blood  flow  does  not 
necessarily  eliminate  the  possibility  that  the  "Oxford  shunt" 
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was  operating  in  the  left  kidney. 

The  observed  low  left  true  filtration  fraction 
was  due  to  a  greater  reduction  in  the  glomerular  filtration 
rate  than  in  the  renal  plasma  flow.  An  afferent  vasoconstrict 
ion  would  decrease  both  the  glomerular  filtration  rate  and 
the  renal  plasma  flow  and  it  is  possible  that  the  filtration 
fraction  might  also  decrease.  However,  it  is  unlikely  that 
the  extraction  ratio  of  PAH  would  be  low  unless  the  constrict¬ 
ion  was  so  severe  that  it  caused  impairment  of  renal  tubular 
activity  as  a  result  of  anoxia.  Such  an  intense  vasoconstrict 
ion  should  also  produce  a  drastic  decrease  in  the  total  renal 
blood  flow,  a  response  which  was  not  observed.  Another 
condition,  namely,  partial  afferent  constriction  together 
with  efferent  dilatation  would  probably  produce  a  greater 
decrease  in  glomerular  filtration  rate  than  in  renal  plasma 
flow  and  therefore  result  in  a  low  true  filtration  fraction. 
Again  the  extraction  ratio  of  PAH  should  remain  high.  How¬ 
ever,  if  we  couple  together  a  glomerulus  with  a  wide  efferent 
arteriole,  which  would  reduce  the  hydrostatic  filtration 
pressure  and  therefore  the  glomerular  filtration  rate,  and 
a  tubule  which  is  relatively  straight  and  is  not  imbedded 
in  a  fine  capillary  network  formed  from  the  efferent  arteriole 
then  it  might  be  expected  that  such  a  nephron  unit  would  have 
a  low  glomerular  filtration  rate  in  conjunction  with  a 
relatively  high  renal  blood  flow  and  a  low  capacity  for  the 
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extraction  of  PAH,  Such  nephron  units  exist  in  the  juxta- 
medullary  area  of  the  kidney.  Therefore,  it  seems  that  a  good 
explanation  of  the  observed  low  glomerular  filtration  rate, 
true  filtration  fraction  and  extraction  ratio  of  PAH  is 
afforded  by  considering  that  the  left  renal  blood  flow,  or 
at  least  a  good  proportion  of  it,  was  diverted  through  the 
juxtamedullary  nephrons  of  this  kidney.  Because  the  extract¬ 
ion  ratio  of  PAH  is  normally  very  high  (0.90),  Homer  Smith 
(1951  -  P  163)  concluded  that  the  extraction  ratio  of  PAH 
from  the  plasma  which  actually  perfuses  excretory  tissue  of 
the  kidney  is  very  close  to  one  hundred  per  cent  complete. 
Since  it  is  likely  that  there  is  some  extraction  of  PAH  from 
the  plasma  which  flows  through  juxtamedullary  nephrons,  the 
extraction  ratios  of  0.54  observed  in  this  series  and  0.55 
observed  after  catheterization  of  the  left  renal  vein  in 
Series  I,  part  2  indicate  that  somewhat  more  than  forty-five 
to  forty-six  per  cent  of  the  renal  blood  flow  was  passing 
through  the  juxtamedullary  and  parenchymal  circulation. 

In  summary  then,  the  results  of  the  fourteen 
experiments  done  up  to  this  point  seemed  to  indicate  that 
catheterization  of  the  left  renal  vein  initiated  the  "Oxford 
shunt",  to  some  degree  at  least,  in  the  left  kidney.  The 
catheterization  appeared  to  produce  only  a  small  effect  on  the 
function  of  the  right  kidney  which  continued  to  function 
almost  normally.  It  was  felt  that  these  results  supported 
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the  concept  that  the  renal  blood  flow  could,  under  certain 
conditions,  be  diverted  away  from  the  highly  functional 
cortical  nephrons  to  the  less  functional  juxtamedullary 
nephrons,  as  suggested  by  Trueta  and  his  associates.  If 
this  response  was  initiated  through  stimulation  of  the  renal 
nerves  it  might  be  possible  to  block  the  effect  by  infusion 
of  a  local  anaesthetic  into  the  peripelvic  area  of  the  left 
kidney. 
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CHAPTER  FIVE 


RESULTS  AND  DISCUSSION 
OF  SERIES  III 


UNILATERAL  RENAL  FUNCTIONS 
BEFORE  AND  AFTER  ATTEMPTED  LEFT  RENAL  NERVE  BLOCK 
WITH  LEFT  RENAL  VEIN  CATHETERIZED 
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SERIES  III  RESULTS 


Unilateral  Renal  Functions  Before  and  After  Attempted 

Renal  Nerve  Block  With  the  Left  Renal  Vein  Catheterized 

In  the  three  experiments  of  this  series  the  left 
renal  vein  was  catheterized  and  three  10  minute  clearance 
periods  completed.  Following  these  control  periods  five  mis 
of  one  per  cent  novocaine  (experiment  number  22)  or  five  mis 
of  0.5  per  cent  tetracaine  (experiments  number  2$  and  31 )  were 
infused  around  the  left  renal  vein  and  artery.  Five  to  eight 
minutes  following  infusion  of  the  local  anaesthetic  the  first 
of  three  further  10  minute  clearance  periods  was  started.  It 
should  be  pointed  out  here  that  novocaine  should  not  be  used 
when  chemical  analysis  of  PAH  is  being  done  since  novocaine 
enters  into  the  chemical  reactions  for  the  determinations  of 
PAH  (Homer  Smith,  1951,  P  160).  The  detailed  results  of  the 
three  experiments  which  comprise  this  series  are  given  in 
Appendix  III.  The  mean  values  of  the  various  renal  functions 
have  been  plotted  on  the  graph  labeled  Series  III.  Statistical 
analysis  of  this  small  series  was  not  done. 

The  graph  of  the  mean  results  obtained  in  this  series 
indicates  that  the  left  urine  flow,  glomerular  filtration  rate, 
and  renal  blood  flow  were  all  lower  than  the  corresponding  right 
renal  functions.  The  only  apparent  effect  of  the  local 
anaesthetic  was  a  slight  increase  in  the  left  renal  blood  flow 
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calculated  from  the  extraction  of  PAH  and  a  resultant 
decrease  in  the  left  renal  resistance  calculated  from  this 
blood  flow.  However,  the  left  renal  blood  flow  measured 
directly  with  the  flowmeter  was  lower  after  infusion  of  the 
local  anaesthetic.  The  average  left  filtration  fraction 
decreased  from  0.19  to  0.15  while  the  right  filtration 
fraction  decreased  from  0.34  to  0.29*  The  left  extraction 
ratio  of  PAH  averaged  0.65  for  both  the  period  before  and 
after  infusion  of  the  local  anaesthetic. 

It  should  be  noted  that  in  experiment  number  31 
there  was  little  difference  between  the  left  and  right  urine 
flow,  glomerular  filtration  rate,  or  filtration  fraction 
either  before  or  after  the  local  anaesthetic  was  infused.  The 
extraction  ratio  of  PAH  was  normal  averaging  0.79  before  and 
0.89  after  the  anaesthetic  was  infused.  There  was  no  evidence 
in  this  experiment  to  indicate  that  a  "shunt”  was  operating 
in  the  left  kidney  during  any  part  of  the  experiment.  The 
protocol  of  this  experiment  revealed  no  reason  why  the  left 
renal  functions  were  not  depressed  as  they  were  in  all  other 
experiments  performed  prior  to  this  time.  It  seemed  that  the 
animal  used  in  this  experiment  was  simply  resistant  to  the 
trauma  imposed  by  dissection  of  the  left  renal  vein. 

In  experiment  number  22  the  local  anaesthetic 
produced  no  effect  upon  the  depressed  left  renal  functions 
but  in  experiment  number  28  the  left  urine  flow  increased  and 
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the  right  urine  flow  decreased  after  the  anaesthetic  was 
infused.  The  left  glomerular  filtration  rate  increased  to 
a  value  about  the  same  as  the  right,  but  both  the  left  and 
right  filtration  decreased.  The  extraction  ratio  of  PAH 
increased  from  an  average  of  O.65  to  0.74* 

In  summary  then,  the  local  anaesthetic  had  no 
effect  upon  the  low  left  renal  functions  in  one  experiment, 
and  produced  some  improvement  in  these  functions  in  one 
experiment.  In  the  third  experiment  of  this  series  there 
was  no  evidence  to  indicate  that  the  "Oxford  shunt"  was 
operating  at  any  time.  No  general  conclusion  can  be  drawn 
from  the  results  observed  in  this  series.  The  results  only 
indicate  that  if  the  depressed  left  renal  functions  are  due 
to  operation  of  the  "Oxford  shunt",  then  the  "shunt"  may 
under  certain  conditions  be  alleviated  by  infusion  of  a 
local  anaesthetic  near  the  renal  artery  and  vein  of  the 
effected  kidney. 
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RENAL  FUNCTIONS 

Series  m  (Before  a  After  Left  Renal  Nerve  Block-With  Meter  Installed) 
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BEFORE  AND  AFTER  ADMINISTRATION  OF  MANNITOL 


WITH  THE  LEFT  RENAL  VEIN  CATHETERIZED 


/am  \h  s  a'  a  .  al  a  a:  aa  am  ■■■■  ■'•aaa: 

M  .  .  'MAM' A  AM  ^  ,I\  AM  TMAi.  AM  hm;m, 


•  •  '  -1 


-92- 


SERIES  IV 


Unilateral  Renal  Functions  Before  and  After  Administration 

of  Hiannitol.  with  the  Left  Renal  Vein  Catheterized. 

In  series  IV  the  various  unilateral  renal  functions 
were  measured  for  three  10  minute  clearances  before  and  four 
10  minute  clearances  after  administration  of  mannitol  as  an 
osmotic  diuretic.  The  left  renal  vein  was  catheterized  and 
the  flowmeter  installed  throughout  all  seven  clearance  periods. 
It  was  found  that  administration  of  two  mis  per  kilogram 
body  weight  of  a  twenty  per  cent  solution  of  mannitol  as  a 
priming  dose,  followed  by  a  slow  infusion  of  twenty  per  cent 
mannitol  solution  at  a  rate  of  0.05  ml  per  minute  per  kilogram 
produced  a  good  diuresis.  The  detailed  results  obtained  in 
the  five  experiments  (numbers  33,  34,  35,  37,  and  3$)  used 
in  this  series  are  shown  in  Appendix  IV.  The  mean  values  of 
the  various  renal  functions  measured  for  each  clearance  period 
were  plotted  on  the  graph  labeled  Series  IV. 

It  was  observed  that  before  administration  of  the 
mannitol  the  left  urine  flow  and  glomerular  filtration  rate 
were  significantly  lower  than  these  functions  on  the  right 
side.  There  was  no  significant  difference  between  the  left 
and  right  renal  blood  flows  or  between  the  left  renal  blood 
flow  measured  with  the  flowmeter  and  calculated  from  the 
extraction  of  PAH.  The  resistance  to  blood  flow  in  the  two 
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kidneys  was  not  significantly  different.  The  average  left 
filtration  fraction  of  0.19  was  significantly  lower  than  the 
average  right  filtration  fraction  of  0.27.  Finally  the 
extraction  ratio  of  PAH  was  low  and  averaged  0.66  before 
administration  of  the  diuretic.  In  other  words,  the  results 
observed  during  the  three  clearance  periods  before  administrat¬ 
ion  of  the  diuretic  were  qualitatively  similar  to  the  results 
observed  after  the  left  renal  vein  was  catheterized  in  pre¬ 
vious  experiments.  The  left  renal  functions  were  depressed 
in  such  a  manner  as  to  suggest  that  the  "Oxford  shunt"  was 
operating  in  the  left  kidney. 

It  was  postulated  earlier  in  this  work  that  if  the 
"Oxford  shunt"  was  operating  in  the  left  kidney  an  osmotic 
diuretic  would  not  be  able  to  work  as  effectively  in  that 
kidney  as  in  the  right  kidney.  That  is,  the  difference 
between  the  left  and  right  urine  flow  should  not  disappear 
after  diuresis  was  initiated.  Before  considering  the  results 
obtained  after  administration  of  the  diuretic,  one  point  must 
be  clarified.  If  was  recognized  that  a  sudden  initiation  of 
diuresis  would  flush  out  urine  from  the  collecting  tubules 
and  ureters  which  would  contain  a  high  concentration  of  PAH 
and  creatinine.  For  this  reason  a  spike  might  be  expected 
in  the  renal  blood  flow  and  glomerular  filtration  rate  calcul¬ 
ated  from  the  clearances  of  these  substances.  Such  a  spike 
was  observed  and  plotted  on  the  graph  of  the  results  for  this 
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series,  but  for  purposes  of  statistical  analysis  the  results 
of  the  first  clearance  period  after  initiation  of  the  diuresis 
have  been  excluded. 

Administration  of  mannitol  was  observed  to  produce 
a  highly  significant  increase  in  both  the  left  and  right  urine 
flow  and  the  difference  between  the  left  and  right  urine  flow 
became  more  significant  than  it  was  before  the  diuresis  (i.e. 

P  =  0.013  before  and  P  =  0.005  after).  The  diuretic  caused 
no  significant  change  in  the  left  glomerular  filtration  rate, 
but  there  was  a  small  decrease  in  the  right  glomerular  filtration 
rate  which  was  possibly  significant  (P  =  0.0$3 )•  The  differ- 
ence  between  the  left  and  right  glomerular  filtration  rate 
then  was  only  possibly  significant  (P  =  0.0$4).  The  diuretic 
produced  no  significant  change  in  the  left  renal  blood  flow 
measured  with  the  flowmeter,  in  the  right  renal  blood  flow 
calculated  from  the  estimated  extraction  of  PAH,  or  in  the 
left  and  right  renal  resistance  calculated  respectively  from 
these  two  blood  flows.  After  administration  of  the  diuretic 
the  left  renal  blood  flow  calculated  from  the  PAH  extraction 
was  significantly  higher  than  both  the  left  renal  blood  flow 
measured  directly  and  the  right  renal  blood  flow  calculated 
indirectly.  The  decrease  in  the  average  arterial  blood 
pressure  from  10?. 1  to  97.1  mm  Hg  was  possibly  significant 
(P  =  0.0&3).  There  was  a  significant  decrease  in  the  left 
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filtration  fraction  from  0.19  before  to  0.11  and  a  highly 
significant  decrease  in  the  right  filtration  fraction  from  0.27 
before  to  0.20  after  the  diuresis  was  initiated.  The  differ¬ 
ence  between  the  left  and  right  filtration  fraction  during 
the  period  of  diuresis  was  highly  significant.  The  extraction 
ratio  of  PAH  remained  low  at  an  average  of  0.64  after  the  diuretic 
was  given. 

The  results  of  this  series  of  experiments  indicated 
that  administration  of  an  osmotic  diuretic  did  not  change  the 
general  pattern  of  the  results.  That  is,  the  left  urine  flow, 
glomerular  filtration  rate,  and  filtration  fraction  remained 
significantly  lower  than  these  functions  on  the  right  side. 

The  left  extraction  ratio  of  PAH  remained  low  also.  The 
abnormally  high  glomerular  filtration  rate  and  renal  blood 
flows  calculated  from  the  clearance  of  creatinine  and  PAH 
respectively  for  the  first  clearance  period  after  initiation 
of  diuresis  can  be  explained  by  flushing  out  of  a  more  con¬ 
centrated  urine  from  the  dead  space  of  the  urine  collecting 
network.  In  fact,  it  was  observed  that  the  concentration  of 
clearance  substances  was  high  in  proportion  to  the  amount  of 
urine  formed  during  the  first  clearance  period.  In  experiment 
number  33  the  left  renal  blood  flow  calculated  from  the 
extraction  of  PAH  remained  two  to  three  times  higher  than  the 
left  renal  blood  flow  measured  directly  for  all  four  10  minute 


-97- 


clearance  periods  taken  during  the  diuresis.  Thiswas  due  to 
a  continued  high  concentration  of  PAH  in  the  left  urine 
samples  relative  to  their  volume.  Possibly  this  high  concen¬ 
tration  could  be  explained  by  flushing  out  the  dead  space. 

The  volume  of  the  dead  space  in  a  single  dog  kidney  is 
reported  to  be  six  mis  (Homer  Smith,  1951,  p  60)  and  the 
volumes  of  urine  produced  by  the  left  kidney  in  experiment 
number  33  were  3.2,  7*4,  11.5,  and  10.2  mis  respectively  for 
the  four  10  minute  clearance  periods  after  the  diuretic  was 
given.  Thus,  possibly  by  the  end  of  the  second  clearance 
period  and  quite  likely  by  the  end  of  the  third  period  the 
dead  space  was  flushed  out.  However,  the  relative  concentrat¬ 
ion  of  PAH  was  still  high  at  the  end  of  the  fourth  clearance 
period.  Various  groups  of  workers  have  presented  evidence 
that  PAH  may  be  stored  in  the  rabbit  kidney  (Cross  et  al., 
1950;  Gayer  et  al.,  195$;  Copenhaven  et  al.,  195$).  Possibly 
the  results  obtained  in  experiment  33  can  be  explained  by 
such  a  storage  of  PAH  in  the  left  kidney  during  the  oliguria 
and  a  slow  release  of  this  stored  PAH  during  the  diuresis. 

It  should  be  pointed  out  here  that  in  a  number  of  the  early 
experiments  performed  (numbers  $,  11,  14  and  16)  the  left 
renal  blood  flow  calculated  from  the  extraction  of  PAH  was 
observed  to  rise  sharply  to  values  well  above  the  directly 
measured  flow.  In  some  cases  the  indirect  left  renal  blood 
flow  remained  higher  than  the  directly  measured  flow  for  three 
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or  more  10  minute  clearance  periods.  In  view  of  the  results 
obtained  in  this  series  of  experiments  it  is  now  believed 
that  these  spikes  were  partially  the  result  of  flushing  out 
the  dead  space  by  a  small  spontaneous  diuresis.  They  were 
possibly  partially  due  to  storage  and  release  of  PAH  from 
renal  tissue,  and  were  probably  not  due  to  errors  in  chemistry 
as  was  believed  at  the  time  the  observations  were  made. 

The  observed  decrease  in  the  right  filtration  fract¬ 
ion  was  due  to  a  decrease  in  the  glomerular  filtration  rate. 

Why  an  osmotic  diuretic  would  cause  a  reduction  in  the  glomer¬ 
ular  filtration  rate  is  unknown.  The  decrease  in  the  left 
filtration  fraction  was  due  to  the  apparent  increase  in  the 
left  renal  plasma  flow,  an  increase  which  is  thought  to  be  false 
since  the  directly  measured  renal  blood  flow  did  not  change. 
Probably  the  left  filtration  fraction  did  not  actually  change. 

In  summary,  administration  of  a  twenty  per  cent 
solution  of  mannitol  as  an  osmotic  diuretic  did  not  abolish 
the  characteristic  differences  between  the  left  and  right  urine 
flow  or  produce  any  significant  change  in  the  low  extraction 
ratio  of  PAH.  The  data  indicate  that  the  osmotic  diuretic 
produced  a  decrease  in  the  right  glomerular  filtration  rate 
and  that  the  difference  between  the  left  and  right  filtration 
fraction  was  then  abolished.  The  data  also  indicate  that  the 
"Oxford  shunt”  was  probably  operating  in  the  left  kidney  before 
the  diuretic  was  administered  and  that  it  continued  to  operate 
after  the  diuretic  was  given. 
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CHAPTER  SEVEN 


DISCUSSION  OF  THE  RESULTS 
FOR 

SERIES  V 


EFFECT  OF  LOCAL  ANAESTHESIA  ON  THE  RENAL  RESPONSE 


TO  CATHETERIZATION  OF  THE  LEFT  RENAL  VEIN 
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SERIES  V 


Unilateral  Renal  Functions  During  Control  Period,  After 

Infusion  of  Xylocaine  into  the  Peripelvic  Region  of  the 

Left  Kidney «  and  After  Catheterization  of  the  Left  Renal  Vein 

The  results  of  the  experiments  in  Series  III,  where 
it  was  attempted,  to  abolish  the  depression  of  the  left  renal 
functions  by  infusion  of  a  local  anaesthetic  around  the  left 
renal  vein  and  artery,  were  not  satisfactory  as  the  limited 
number  of  experiments  done  did  not  exclude  the  possibility 
that  the  response  to  catheterization  could  be  blocked  by 
local  anaesthesia *  It  was  felt  that,  with  three  changes  in 
technique  and  the  performance  of  a  larger  number  of  experiments, 
results  might  be  obtained  which  would  give  a  more  conclusive 
answer  to  the  question  of  whether  or  not  the  depression  of 
left  renal  functions,  which  resulted  from  catheterization  of 
the  left  renal  vein,  could  be  prevented  by  anaesthetizing 
the  left  renal  nerves.  In  the  first  place,  it  was  decided 
that  controls,  to  test  the  effects  of  the  local  anaesthetic 
alone  on  renal  functions,  were  necessary.  Secondly,  it  was 
thought  that  the  site  of  infusion  of  the  local  anaesthetic 
should  be  changed  from  the  area  around  the  left  renal  vein 
and  artery  to  a  point  close  to  the  hiius  of  the  kidney.  At 
that  site  the  various  renal  nerves  are  probably  more  concent¬ 
rated  and  therefore  a  more  complete  block  of  all  renal  nerves 
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might  be  more  easily  effected.  Thirdly,  a  local  anaesthetic 
with  better  spreading  properties  than  tetracaine  or  procaine 
would  have  a  better  chance  of  producing  a  complete  renal 
nerve  block.  The  local  anaesthetic  xylocaine  was  chosen 
because  it  is  more  potent  than  procaine  and  has  been  reported 
to  have  three  to  four  times  the  spreading  power  of  procaine 
(Ab.  Astra,  1957). 

For  these  reasons  the  following  procedure  was 
employed  in  the  seven  experiments  (numbers  1+6,  1+7 ,  49,  50,  52, 
53  and  57)  reported  in  this  series.  Two  10  minute  control 
clearance  periods  were  taken  before  the  left  renal  vein  was 
catheterized  or  any  dissection  of  the  left  renal  vein  was  made. 
Then  three  mis  of  two  per  cent  xylocaine  were  infused  on  both 
sides  of  the  left  renal  vein  near  the  hilus  of  the  left  kidney. 
From  one  to  seven  minutes  after  infusion  of  the  xylocaine  the 
first  of  two  more  10  minute  clearance  periods  was  started. 
Following  these  two  clearance  periods  the  necessary  dissection 
of  the  left  renal  vein  was  performed  and  the  left  renal  vein 
catheterized.  Three  more  10  minute  clearance  periods  were 
then  taken.  Except  for  experiments  number  1+6  and  47,  where 
only  one  clearance  period  was  taken  after  infusion  of  the 
anaesthetic,  at  least  thirty  minutes  was  allowed  between  infus¬ 
ion  of  the  xylocaine  and  the  start  of  the  dissection  of  the 
left  renal  vein. 
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Effect  of  Temperature  on  the  Plasma  Concentration  of  PAH 

In  1945,  Phillips  et  al.  observed  that  there  was  a 
five  per  cent  error  in  the  extraction  ratio  of  PAH  due  to 
diffusion  out  of  the  blood  cells  into  the  plasma  of  renal 
venous  blood  samples.  Thus  the  extraction  ratio  was  five 
per  cent  below  the  true  value,  even  when  the  blood  samples 
were  spun  down  in  a  refrigerated  centrifuge  within  one 
minute  of  withdrawal  into  a  cold  syringe.  These  workers 
reported  no  specific  changes  in  the  arterial  plasma  concent¬ 
ration  of  PAH. 

At  the  time  the  experiments  in  series  V  were  performed 
a  cold  centrifuge  became  available  and  tests  of  the  effect  of 
handling  the  blood  samples  at  room  temperature  were  performed. 
Approximately  thirty  mis  of  left  renal  venous  blood  and 
thirty  mis  of  systemic  arterial  blood  were  withdrawn  at  the 
end  of  experiments  number  52,  53,  56,  and  57*  In  experiment 
number  49  only  left  renal  venous  blood  was  withdrawn  for  this 
test.  The  thirty  ml  blood  samples  were  divided  into  four 
aliquots,  two  of  which  were  immediately  chilled  and  centrifuged 
at  0  to  -5  degrees  centigrade,  and  two  of  which  were  stored 
at  room  temperature  for  thirty  minutes  and  then  centrifuged 
at  room  temperature.  One  each  of  the  arterial  and  venous 
aliquots  taken  in  experiment  number  56  were  stored  at  room 
temperature  for  fourty-five  minutes  to  test  the  effect  of  a 
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longer  time  on  the  diffusion  of  PAH  out  of  the  blood  cells • 
Unfortunately  results  of  these  tests  were  not  obtained  from 
experiments  number  52  and  57  because  in  one  case  the  haem- 
atocrit  of  the  blood  taken  was  so  high  that  sufficient  plasma 
for  analysis  could  not  be  obtained  and  in  the  other  case  an 
error  was  known  to  be  present  in  the  chemistry.  The  limited 
results  obtained  are  shown  below  in  table  III. 

TABLE  III 

Expt.  No.  Venous  Plasma  Cone.  Per  Cent  Arterial  Plasma  Cone.  Per  Cent 
(mgm  %  PAH)  Increase  (mgm  %  PAH)  Decrease 

Cold_ Warm  Cold  Warm 


49 

0.46 

0.61 

32.6 

0.49 

0.61 

24.5 

53 

0.29 

0.43 

48.3 

2.05 

1.74  15.1 

0.30 

0.46 

53.3 

2.00 

1.68  16.0 

56 

0.65 

0.76 

16.9 

2.15 

1.88  12.6 

O.64 

O.76 

18.8 

2.15 

1.94  9.8 

Average 

extraction 

ratio  - 

Expt.  No, 

53 

Warm  -  0.74 

Cold  -  0.855 

Per  Cent 

Increase  -15*5 

Average 

extraction 

ratio  - 

Expt.  No. 

56 

Warm  -  0.60 5 
Cold  -  0.70 

Per  Cent 

Increase  -15.7 

In  the  results  shown  in  table  III  there  is  a  definite 
indication  that  PAH  was  lost  from  the  arterial  plasma  stored 
at  room  temperature,  and  it  is  thought  that  in  this  case  PAH 
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was  taken  up  by  the  blood  cells.  The  percentage  increase  in 
the  renal  venous  plasma  concentration  of  PAH  appeared  to  be 
inversely  proportional  to  the  true  venous  plasma  concentration. 
Such  an  observation  might  be  expected,  since  with  lower  plasma 
concentrations  the  concentration  gradient  for  diffusion  from 
the  cells  to  the  plasma  would  be  more  favourable.  The  results 
indicate  that  the  extraction  ratio  calculated  from  plasma 
concentrations  determined  fran blood  samples  centrifuged 
immediately  in  the  cold  was  on  the  average  15.6  per  cent  higher 
than  the  value  obtained  when  the  samples  were  stored  at  room 
temperature  for  thirty  to  forty-five  minutes.  Applying  this 
factor  to  the  extraction  ratios  of  PAH  observed  in  Series  I 
and  Series  II  (0.55)  and  in  Series  IV  (0.65)  would  increase 
the  values  to  0.64  and  0.75  respectively.  These  values  are 
still  below  normal.  Sample  calculations  indicate  that  the 
renal  blood  flows  calculated  from  the  extraction  of  PAH  obtained 
from  the  analysis  of  blood  samples  at  toom  temperature  should 
be  thirty  to  forty  per  cent  higher  than  the  correct  values. 

In  view  of  this  probable  error  it  seems  strange  that  there 
was  no  significant  difference  between  the  left  renal  blood 
flow  measured  directly  and  that  calculated  from  the  extraction 
ratio  of  PAH  in  Series  I,  Part  2,  in  Series  II,  or  in  Series  IV 
before  the  diuretic  was  administered.  Only  in  the  period 
after  administration  of  mannitol  in  Series  IV  was  the  left 
renal  blood  flow  calculated  from  the  extraction  of  PAH 
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significantly  higher  than  the  directly  measured  flow,  and  in 
that  case  there  was  thought  to  be  an  error  due  to  flushing  out 
of  PAH  from  the  dead  space.  Further,  in  experiment  number  31 
high  and  normal  extraction  ratios  of  PAH  were  observed  in 
spite  of  the  fact  that  the  blood  samples  were  handled  at 
room  temperature.  For  these  reasons  it  seems  that  the  error 
due  to  diffusion  of  PAH  out  of  the  blood  cells  in  renal  venous 
blood  samples  was  not  extreme.  The  results  shown  in  Table 
III  indicate  that  diffusion  of  PAH  into  blood  cells  from  the 
arterial  plasma  partially  corrects  for  the  error  due  to 
diffusion  out  of  the  cells  in  the  venous  samples.  From  these 
observations  it  was  concluded  that  while  the  observed  low 
extraction  ratios  were  probably  below  the  true  value,  they 
were  not  extremely  in  error  and  the  true  value  was  actually 
well  below  normal. 

Finally,  all  left  renal  venous  blood  samples  taken 
during  the  experiments  in  Series  V  were  stored  in  ice  water 
and  centrifuged  at  a  temperature  between  0  and  -5  degrees 
centigrade.  In  experiments  number  52  and  53  the  arterial  and 
venous  blood  samples  taken  after  the  left  renal  vein  was 
catheterized  were  treated  in  the  cold  and  in  experiment  number 
57  all  arterial  and  venous  blood  samples  were  kept  in  ice 
water  and  centrifuged  in  the  cold.  After  centrifugation  the 
plasma  was  immediately  withdrawn  for  analysis. 
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Results  and  Discussion  of  Series  V 

The  detailed  results  for  each  of  the  experiments 
in  this  series  are  presented  in  Appendix  V.  The  mean  values 
of  each  of  the  various  renal  functions  measured  during  the 
two  10  minute  control  periods,  during  the  two  10  minute 
clearance  periods  after  infusion  of  xylocaine,  and  during  the 
three  10  minute  clearance  periods  after  installation  of  the 
flowmeter,  were  plotted  on  the  graph  labeled  Series  V. 

In  this  series  there  was  found  to  be  no  significant 
difference  between  the  left  and  right  urine  flow,  glomerular 
filtration  rate,  renal  blood  flow,  resistance  to  blood  flow, 
or  filtration  fraction  during  the  control  period,  the  period 
after  infusion  of  xylocaine,  or  the  period  after  the  meter 
was  installed.  The  left  extraction  ratio  of  PAH  after 
catheterization  of  the  left  renal  vein  was  observed  to  average 
0.72  for  all  seven  experiments.  In  experiments  number  48 
and  50  the  left  urine  flow,  glomerular  filtration  rate, 
filtration  fraction  and  extraction  ratio  of  PAH  were  all  low 
after  catheterization  of  the  left  renal  vein.  It  should  be 
pointed  out  that  in  these  two  experiments  very  low  extraction 
ratios  of  PAH  (average  0.49  in  Expt.  No.  47  and.  average  of  0.65 
in  Expt.  No.  50)  were  observed  notwithstanding  the  fact  that 
the  renal  venous  blood  samples  were  treated  in  the  cold.  In 
these  two  experiments  the  results  indicated  that  the  local 
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anaesthetic  did  not  prevent  the  decrease  in  left  renal 
function  resulting  from  catheterization  of  the  left  renal 
vein.  If  these  two  experiments  were  excluded  the  average 
extraction  ratio  of  PAH  for  the  other  five  experiments  was 
found  to  be  0.79  (range  0.69  to  0.$9),  a  value  which  is 
considered  to  be  within  fcormal  limits.  The  results  therefore 
indicate  that  in  five  of  seven  experiments  the  depression  of 
left  renal  function  which  previously  occurred  as  a  result  of 
catheterization  of  the  left  renal  vein  did  not  occur.  These 
results  seem  to  be  due  to  the  infusion  of  xylocaine  into  the 
peripelvic  area  of  the  left  kidney  prior  to  the  catheterization. 
It  is  firmly  believed  that  they  were  not  the  result  of 
improved  technique  since  experiment  number  56,  performed  after 
most  of  these  experiments,  and  in  which  no  local  anaesthetic 
was  used,  showed  the  same  type  of  depression  of  left  renal 
functions  after  catheterization  of  the  left  renal  vein  as  was 
observed  in  the  early  experiments  of  this  investigation. 

Finally  two  significant  changes  in  renal  function 
were  observed  in  this  series.  While  there  was  no  significant 
difference  between  the  left  urine  flow  when  the  control 
values  were  compared  to  the  values  obtained  after  installation 
of  the  flowmeter,  the  decrease  in  left  urine  flow  from  the 
period  after  infusion  of  xylocaine  to  the  period  after 
catheterization  of  the  left  renal  vein  was  significant.  This 
change  seems  to  be  largely  due  to  an  increase  in  the  left  urine 
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flow  after  infusion  of  xylocaine  in  experiment  number  49  and 
a  subsequent  decrease  to  values  similar  to  those  observed  in 
the  controls  of  this  experiment*  It  is  interesting  to  note 
that,  while  the  renal  blood  flow  increased  and  the  resistance 
to  flow  decreased  after  infusion  of  the  local  anaesthetic,  the 
glomerular  filtration  rate  did  not  change*  The  increased  urine 
production  therefore  seemed  to  be  the  result  of  a  decreased 
reabsorption  of  water.  Since  this  effect  apparently  resulted 
from  infusion  of  the  xylocaine,  it  is  interesting  to  speculate 
that  some  neurogenic  mechanixm  was  involved  in  regulating  the 
tubular  reabsorption  of  water  and  this  mechanism  was  blocked 
by  the  xylocaine.  The  average  left  glomerular  filtration 
rate  was  observed  to  decrease  significantly  from  the  control 
period  to  the  period  after  installation  of  the  flowmeter* 

This  observation  may  find  some  explanation  from  the  significant 
decrease  in  the  mean  arterial  blood  pressure  over  the  same 
period.  Possibly  some  portion  of  the  normal  autoregulatory 
mechanism  of  the  left  kidney  was  blocked  by  the  local  anaesthetic 
so  that  the  glomerular  filtration  rate  tended  to  follow 
changes  in  arterial  blood  pressure. 

In  summary  then,  it  was  observed  that  infusion  of 
three  mis  of  two  per  cent  xylocaine  near  the  hilus  of  the  left 
kidney  prior  to  catheterization  of  the  left  renal  vein  prevented 
the  decrease  in  left  renal  function,  which  almost  always 
occured  in  previous  experiments,  in  five  of  seven  experiments. 
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The  reasons  for  believing  that  the  observed  depression  of  left 
renal  function,  which  occured  previously  as  a  result  of 
catheterization  of  the  left  renal  vein,  was  due  to  a  diversion 
of  the  intrarenal  blood  flow  away  from  the  highly  functional 
nephrons  of  the  cortex  to  the  less  functional  juxtamedullary 
nephrons  were  presented  in  chapter  four.  The  results  of 
Series  V  indicate  that  the  response  is  mediated  through  some 
nervous  mechanism.  In  review  it  should  be  repeated  that  Trueta 
and  his  associates  (1947)  observed  that  division  of  the  splanchnic 
nerves  prevented  this  type  of  "shunting”  from  occurring  as  a 
result  of  traumatizing  the  hind  limb  of  a  rabbit.  Stock  (194$) 
found  that  the  response  could  be  blocked  by  tetraethylammonium 
bromide.  Toth  in  1940,  observed  that  denervation  of  the  dog 
kidney  prevented  the  oliguria  which  resulted  from  anoxia.  In 
1951,  Hoff  et  al.  observed  that  in  the  cat  changes  in  renal 
circulation  which  resembled  the  "Oxford  shunt”  resulted  from 
stimulation  of  the  anterior  sigmoid  gyri  of  the  cerebral 
cortex,  and  that  these  changes  could  be  abolished  by  denervation 
of  the  kidney.  Friedman  et  al.  (1956  b)  believed  that  the 
decreased  urine  flow  and  clearance  of  PAH,  which  they  observed, 
resulted  from  nociceptive  stimuli  arising  from  the  vascular 
tree  between  the  femoral  triangle  and  the  renal  pedicle,  but 
they  did  not  determine  the  actual  manner  of  transmission  of 
the  stimulus.  The  renal  response  to  manipulation  of  the 
lower  vasculature  observed  by  Friedman  et  al.,  and  termed  the 
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!,venorenal  reflex”,  may  possibly  be  explained  by  operation  of 
the  "Oxford  shunt".  Thus  there  are  a  number  of  reports  which 
indicate  that  the  "Oxford  shunt"  may  be  brought  into  play 
through  some  neural  mechanism.  The  results  of  the  early 
experiments  in  the  author’s  investigation  indicated  that  the 
"Oxford  shunt"  was  initiated  by  catheterization  of  the  left 
renal  vein,  perhaps  by  way  of  Friedman’s  "venorenal  reflex". 
The  observation  that  the  effect  could  be  blocked  by  locally 
anaesthetizing  the  renal  nerves  lends  support  to  the  concept 
that  the  "Oxford  shunt"  was  initiated  through  some  neurogenic 
mechanism. 
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GENERAL  DISCUSSION  OF  RESULTS 


In  the  previous  discussions  of  the  results  obtained 
in  this  investigation  it  was  concluded  that  catheterization 
of  the  left  renal  vein  initiated  the  "Oxford  shunt"  through 
some  neurogenic  reflex.  It  is  the  purpose  of  the  ensuing 
discussion  to  review  this  conclusion  by  considering  other 
explanations  for  the  results. 

It  might  be  suggested  that  the  catheterization  of 
the  left  renal  vein  and  diversion  of  the  left  renal  blood 
flow  through  the  flowmeter  resulted  in  an  increased  left  renal 
venous  pressure.  Selkurt  et  al.  (1949)  have  shown  that  elevation 
of  the  renal  venous  pressure  from  7*5  to  22.4  mm  of  Hg  by 
partial  venous  obstruction  resulted  in  a  decrease  in  the  renal 
blood  flow  and  glomerular  filtration  rate  but  no  change  was 
observed  in  the  filtration  fraction.  They  therefore  concluded 
that  the  elevated  venous  pressure  did  not  result  in  an  increase 
in  the  intraglomerular  pressure,  de  Langen  (1957)  found  by 
direct  measurement  in  the  dog  kidney  that  there  was  no 
increase  in  the  intrarenal  pressure  until  the  pressure  in  the 
renal  vein  was  elevated  to  22  mm  of  Hg.  Although  the  left 
renal  venous  pressure  was  not  measured  in  all  of  the  experiments 
of  the  present  investigation,  because  of  difficulties  encount¬ 
ered  with  the  low  pressure  transducer  available,  it  was 
measured  in  a  large  number  of  experiments.  The  left  renal 
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venous  pressure  was  never  observed  to  be  more  than  fifteen 
mm  of  Hg,  and  in  most  cases  it  was  found  to  be  ten  mm  of  Hg 
or  less.  In  view  of  these  measurements  and  the  low  measured 
resistance  of  the  entire  catheter-flowmeter  circuit  (less 
than  0.1  PRU)  it  seems  safe  to  conclude  that  an  elevated 
left  renal  venous  pressure  was  not  a  factor  which  could 
explain  the  severely  reduced  left  renal  functions  observed. 

It  might  be  argued  that  the  low  urine  flows  observed 
resulted  from  the  release  of  antidiuretic  hormone  (ADH), 
since  it  is  known  that  painful  stimuli  can  evoke  a  release 
of  this  hormone  (Homer  Smith,  1951,  p  27&).  There  is,  however, 
no  reason  to  believe  that  ADH  would  not  act  equally  well  on 
both  kidneys  to  produce  a  bilateral  oliguria.  In  order  that 
the  low  left  urine  flow  be  explained  by  the  action  of  ADH, 
it  would  be  necessary  to  postulate  that  catheterization  of  the 
left  renal  vein  in  some  way  sensitized  the  left  kidney  to  the 
action  of  ADH.  This  seems  improbable.  In  addition,  it  has 
been  shown  that  physiological  doses  of  ADH  produce  no  effect 
on  the  glomerular  filtration  rate  or  the  renal  blood  flow 
(Homer  Smith,  1951,  P  259).  It  is  interesting  to  note  that 
in  anatomical  studies  of  the  intrarenal  circulation  of  rats. 
Still  and  Whitcomb  (1954)  observed  some  degree  of  shunting  of 
the  blood  flow  thirty  to  forty  minutes  after  administration 
of  two  per  cent  saline.  They  speculated  that  there  was  a 
release  of  ADH  due  to  the  increased  osmotic  pressure  of  the 
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blood,  and  that  possibly  ADH  has  an  effect  on  the  haemodynamics 
of  the  kidney  as  well  as  on  tubular  reabsorption*  If  such 
an  effect  occured  in  the  present  investigation,  the  effects 
should  again  be  bilateral.  For  these  reasons  it  was  concluded 
that  the  unilateral  acute  renal  failure,  which  was  observed 
following  catheterization  of  the  left  renal  vein,  could  not 
be  explained  by  the  action  of  ADH*  However,  the  action  of  ADH 
was  probably  a  contributing  factor  in  the  generally  low  urine 
flows  observed  in  this  investigation. 

A  great  many  workers  have  concluded  that  severely 
reduced  renal  function  was  the  result  of  a  marked  renal  vaso¬ 
constriction  causing  a  severe  decrease  in  the  renal  blood 
flow  and  glomerular  filtration.  Low  extraction  ratios  of  PAH 
were  explained  by  assuming  that  the  tubular  excretory  mech¬ 
anism  was  damaged  by  anoxia.  These  were  the  conclusions  of 
such  workers  as  VanLierre  (1935)#  Corcoran  (1943),  0f Connor 
(1945),  Study  (1950),  Oleesky  (1950),  Block  (1952),  and 
Friedman  (1956  b)  and  their  associates.  In  most  cases  these 
conclusions  were  drawn  on  the  basis  of  renal  blood  flows 
calculated  from  the  indirect  Fick  principle  using  PAH  as  the 
clearance  substance.  It  has  since  been  shown  that  such 
measurements  may  be  considerably  in  error  during  acute  renal 
failute,  where  the  extraction  ratio  of  PAH  is  often  very  low 
(Balint  et  al.,  1956)  (Munck,  195$)*  In  the  present  invest¬ 
igation  there  was  only  a  moderate  reduction  in  the  total  left 
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renal  blood  flow.  With  the  exception  of  Series  II,  where 
the  left  renal  blood  flow  was  thirty-five  per  cent  lower 
than  the  right  renal  blood  flow,  there  was  no  significant 
difference  between  the  left  and  right  renal  blood  flows.  It 
therefore  does  not  seem  likely  that  the  observed  low  left 
urine  flow,  glomerular  filtration  rate,  filtration  fraction, 
and  extraction  ratio  of  PAH,  which  resulted  from  catheterization 
of  the  left  renal  vein,  were  due  to  a  generalized  vaso¬ 
constriction  in  the  left  kidney. 
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SUMMARY  AND  CONCLUSIONS 

In  order  to  test  the  hypothesis  that  catheterization 
of  the  left  renal  vein  might  initiate  the  "Oxford  shunt", 
a  total  of  57  experiments,  of  which  25  met  the  rigid  physiol¬ 
ogical  and  technical  criteria  of  acceptance,  have  been  performed 
on  anaesthetized  dogs*  The  25  acceptable  experiments  alone 
involved  one-hundred  and  sixty  clearance  periods,  from  which 
the  six  different  right  renal  functions  and  eight  different 
left  renal  functions  were  calculated.  On  the  basis  of  these 
experiments  the  following  observations  and  conclusions  were 
made. 

1.  During  control  experiments  there  was  no  significant 
difference  between  the  left  and  right  urine  flow, 
glomerular  filtration  rate  calculated  from  the 
clearance  of  creatinine,  estimated  total  renal 
blood  flow  calculated  from  the  clearance  of  PAH 
(assumed  PAH  extraction  ratio  to  be  0.90),  filt¬ 
ration  fraction,  or  renal  resistance  to  blood  flow. 

The  control  values  of  each  of  these  renal  functions 
were  within  the  normal  limits  published  by  other 
workers. 

2.  Catheterization  of  the  left  renal  vein  caused  a 
depression  of  the  left  urine  flow,  glomerular  filt¬ 
ration  rate,  filtration  fraction  and  extraction 
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ratio  of  PAH,  notwithstanding  the  fact  that  the 
left  renal  blood  flow  was  relatively  high  and  the 
left  renal  resistance  to  blood  flow  relatively  low* 

3.  Catheterization  of  the  left  renal  vein  produced 
little  or  no  effect  on  the  right  renal  functions. 

4*  There  was  found  to  be  no  significant  difference 

between  the  left  renal  blood  flow  calculated  from 
the  extraction  of  PAH  and  measured  directly  with  an 
automatic  recording  bubble  flowmeter. 

5.  Administration  of  the  osmotic  diuretic,  mannitol, 
did  not  abolish  the  low  left  renal  functions  or  the 
difference  between  the  left  and  right  renal  functions 
mentioned  above  after  catheterization  of  the  left 
renal  vein.  There  was  some  indication  that  PAH  was 
stored  in  the  left  kidney  during  the  oliguria  and 
released  during  the  subsequent  osmotic  diuresis. 

6.  In  five  of  seven  experiments,  infusion  of  three  mis 
of  two  per  cent  xylocaine  near  the  hilus  of  the  left 
kidney,  approximately  30  minutes  prior  to  catheter¬ 
ization  of  the  left  renal  vein,  effectively  prevented 
the  depression  of  left  renal  function  which  had 
previously  been  observed  to  occur  after  the  flow¬ 
meter  was  installed. 

It  was  observed  that  PAH  was  lost  from  arterial 
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plasma  stored  during  the  experiment  and  centrifuged 
at  room  temperature*  This  factor  partially  corrects 
for  diffusion  of  PAH  out  of  the  blood  cells  in  renal 
venous  blood  samples  treated  at  room  temperature. 

The  evidence  indicated  that,  while  there  was  some 
error  in  the  low  extraction  ratios  observed,  due  to 
the  above  diffusion,  the  error  was  not  of  sufficient 
magnitude  to  increase  the  observed  low  extraction 
ratios  of  PAH  to  normal  values. 

3.  Finally,  the  unilateral  acute  renal  failure  observed 
in  this  investigation  appears  to  be  best  explained 
by  a  diversion  of  the  left  intrarenal  blood  flow 
away  from  the  highly  functional  cortical  nephrons 
through  the  less  functional  juxtamedullary  nephrons, 
as  suggested  by  Trueta  and  his  associates.  In  this 
case  the  "Oxford  shunt"  seems  to  be  initiated  through 
some  neurogenic  mechanism  arising,  perhaps,  from  noci¬ 
ceptive  stimulation  of  the  renal  vein  or  from  stim¬ 
ulation  of  renal  nerves  directly.  In  view  of  these 
observations  it  seems  altogether  possible  that  the 
"Oxford  shunt"  is  an  important  factor  in  post¬ 
operative  acute  renal  failure  in  humans. 
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Appendix  I 
Part  1 

Control  Renal  Functions  without  Renal  Vein  Catheterized 


Left  Urine  Flow 

(ml/min/Kg) 


Right  Urine  Flow 
(ml/min/Kg) 


Time  in  minutes  Time  in  minutes 


Expt.  No. 

10 

20 

30 

10 

20 

30 

22 

0.129 

0.140 

0.157 

0.138 

0.101 

0.122 

23 

0.098 

0.108 

0.076 

0.061 

0.059 

0.089 

24 

0.030 

0.042 

0.037 

0.025 

0.034 

0.030 

36 

0.005 

0.006 

0.006 

0.006 

0.007 

0.006 

37 

0.007 

0.023 

0.035 

0.008 

0.023 

0.036 

33 

0.008 

0.006 

0.009 

0.007 

0.006 

0.007 

39 

0.053 

0.069 

0.085 

0.051 

0.067 

0.080 

56 

0.021 

0.019 

0.018 

0.019 

0.019 

0.018 

mean 

0.0439 

0.0516 

. 0.0530 

0.0394 

0.0395 

0.0485 

Left  Glomerular 
Filtration  Rate 
(ml/min/Kg) 


Right  Glomerular 
Filtration  Rate 
(ml/min/Kg) 


Expt.  No. 

Time 

10 

in  minutes 

20 

30 

Time 

10 

in  minutes 

20 

30 

22 

2.6 

2.4 

2.2 

3.1 

2.7 

3.1 

23 

5.2 

2.1 

1.9 

2.2 

2.3 

2.5 

24 

3.2 

3.4 

3.1 

3.1 

3.1 

2.7 

36 

2.7 

3.5 

2.7 

3.6 

3.9 

3.0 

37 

2.6 

3.3 

1.1 

2.9 

3.4 

1.1 

3$ 

1.8 

1.4 

2.1 

2.1 

2.4 

2.6 

39 

5.3 

2.8 

2.4 

5.7 

2.5 

2.3 

56 

1.7 

1.6 

1.2 

1.5 

1.4 

1.3 

mean 

3.14 

2.56 

2.09 

3.03 

2.71 

2.33 
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Left  Renal  Blood  Flow  -  PAH  Right  Renal  Blood  Flow  -  PAH 
(ml/min/Kg)  (ml/min/Kg) 


Expt.  No. 


Time  in  Minutes 
10  20  30 


Time  in  Minutes 
10  20 


30 


22 

23 

24 

36 

37 

38 

39 
56 

mean 


17.3 

49.1 
17.5 
10.0 
14-7 

7.9 

20.4 

12.2 

18.64 


13.4 

22.3 
18.9 
11.2 
21.2 

7.5 

11.5 

11.4 

14.67 


12.0 

20.6 

16.9 

9.8 

5.9 
11.4 
11.2 

9.4 

12.15 


15.5 
18.9 

17.3 

10.3 

14.8 

9.0 

22.5 

11.1 

14.93 


13.3 

20.6 

17.4 
11.8 
21.2 

12.4 

11.4 

11.1 

14.90 


16.1 

25.2 

15.8 

10.0 

5.8 

11.8 

10.7 

9.0 

13.05 


Left  Resistance  -  PAH 
(mm  Hg) 

(ml/min) 


Right  Resistance  -  PAH 
(mm  Hg) 

(ml/min) 


Expt.  No. 

Time 

10 

in  Minutes 

20 

30 

Time 

10 

in  Minutes 

20 

30 

22 

0.93 

1.15 

1.34 

1.04 

1.16 

1.00 

23 

0.37 

0.81 

0.89 

0.95 

0.88 

0.73 

24 

0.84 

0.73 

0.80 

0.85 

0.79 

0.86 

36 

1.28 

1.11 

1.23 

1.25 

1.05 

1.21 

37 

1.28 

0.87 

3.07 

1.27 

0.37 

3.83 

3& 

0.85 

0.92 

0.59 

0.75 

0.55 

0.56 

39 

0.67 

1.18 

1.21 

0.60 

1.19 

1.26 

56 

0.61 

0.67 

0.83 

0.67 

0.69 

0.86 

mean 

0.854 

0.930 

1.245 

0.923 

0.897 

1.289 
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Left  Filtration 
Fraction 


Right  Filtration 
Fraction 


Expt.  No. 

Time  in 

10 

Minutes 

20 

30 

Time  in 

10 

Minutes 

20 

30 

22 

0.28 

0.33 

0.32 

0.37 

0.37 

0.34 

23 

0.22 

0.20 

0.19 

0.25 

0.23 

0.21 

24 

0.42 

0.39 

0.40 

0.41 

0.40 

0.38 

36 

0.41 

0.47 

0.42 

0.54 

0.50 

0.45 

37 

0.34 

0.30 

0.37 

0.37 

0.31 

0.44 

38 

0.37 

0.31 

0.30 

0.38 

0.32 

0.35 

39 

0.42 

0.40 

0.35 

0.40 

0.35 

0.34 

56 

0.29 

0.29 

0.27 

0.28 

0.27 

0.29 

mean 

0.344 

0.336 

0.328 

0.375 

0.344 

0.350 

Blood  Pressure 
(mm  Hg) 

Time  : 

in  Minutes 

Expt.  No. 

10 

20 

30 

22 

130 

125 

130 

23 

150 

150 

152 

24 

147 

138 

136 

36 

145 

140 

137 

37 

170 

167 

163 

38 

107 

110 

107 

39 

95 

95 

95 

56 

127 

130 

132 

mean 

133.9 

131.9 

131.5 
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Appendix  I 
Part  2 

Renal  Functions  Before  and  After  Catheterization  of  Left  Renal  Vein 

LEFT  URINE  FLOW 
(ml/min/Kg) 


Expt.  No. 

Time 

10 

Before 

in  Minutes 

20 

30 

Time 

10 

After 

in  Minutes 

20 

30 

22 

0.129 

0.140 

0.157 

0.019 

0.026 

0.030 

37 

0.007 

0.023 

0.036 

0.02? 

0.014 

0.010 

33 

0.008 

0.006 

0.009 

0.006 

0.007 

0.008 

39 

0.053 

0.069 

0.085 

0.007 

0.007 

- 

mean 

0.049 

0.059 

0.072 

0.015 

0.013 

0.016 

56 

0.021 

0.019 

0.018 

0.012 

0.012 

0.012 

RIGHT 

(m 

URINE  FLOW 
l/min/Kg) 

Before 

After 

Time 

in  Minutes 

Time 

in  Minutes 

Expt.  No. 

10 

20 

30 

10 

20 

30 

22 

0.133 

0.101 

0.122 

0.125 

0.214 

0.262 

37 

0.008 

0.023 

0.036 

0.073 

0.055 

0.048 

33 

0.007 

0.006 

0.007 

0.025 

0.024 

0.024 

39 

0.051 

0.069 

0.080 

0.024 

0.013 

- 

mean 

0.051 

0.050 

0.061 

0.062 

0.076 

0.111 

56 

0.019 

0.019 

0.018 

0.021 

0.021 

0.021 
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LEFT  GLOMERULAR  FILTRATION  RATE 
(ml/min/Kg ) 


Expt.  No. 

Time 

10 

Before 

in  minutes 

20 

30 

Time 

10 

After 

in  Minutes 

20 

30 

22 

2.6 

2.4 

2.2 

0.5 

0.7 

0.5 

37 

2.6 

3.3 

1.1 

1.1 

0.9 

0.8 

38 

1.8 

1.4 

2.1 

0.2 

0.3 

0.6 

39 

5.3 

2.8 

2.4 

0.5 

0.6 

- 

mean 

3.07 

2.47 

1.95 

0.57 

0.63 

0.63 

56 

1.7 

1.6 

1.2 

0.5 

0.5 

0.5 

RIGHT 

GLOMERULAR  FILTRATION 
(ml/min/Kg) 

RATE 

Before 

After 

Time 

in  Minutes 

Time 

in  Minutes 

Expt.  No. 

10 

20 

30 

10 

20 

30 

22 

3.1 

2.7 

3.1 

2.3 

2.5 

2.3 

37 

2.9 

3.4 

1.1 

1.1 

1.1 

1.1 

38 

2.1 

2.4 

2.6 

2.3 

2.1 

2.1 

39 

5.7 

2.5 

2.3 

3.0 

1.8 

- 

mean 

3.45 

2.75 

2.27 

2.17 

1.87 

1.83 

56 

1.5 

1.4 

1.3 

1.3 

1.2 

1.2 
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LEFT 

RENAL  BLOOD  FLOW 
(ml/min/Kg) 

-  PAH 

Before 

After 

Time 

in  Minutes 

Time 

in  Minutes 

Expt.  No. 

10 

20 

30 

10 

20 

30 

22 

17.3 

13.4 

12.0 

6.3 

8.0 

5.6 

37 

14.7 

21.2 

5.9 

16.3 

10.2 

9.4 

38 

7.9 

7.5 

11.4 

2.9 

7.4 

8.9 

39 

20.4 

11.5 

11.2 

8.0 

17.0 

- 

mean 

15.07 

13.40 

10.12 

8.37 

10.65 

7.97 

56 

12.2 

11.4 

9.4 

7.7 

5.3 

4.4 

RIGHT 

RENAL  BLOOD  FLOW 
(ml/min/Kg) 

-  PAH 

Before 

After 

Time 

in 

Minutes 

Time 

in  Minutes 

Expt*  No. 

10 

20 

30 

10 

20 

30 

22 

15.5 

13.3 

16.1 

11.1 

10.1 

11.0 

37 

14.8 

21.2 

5.8 

9.6 

8.4 

$.  2 

38 

9.0 

12.4 

11.8 

17.1 

13.0 

11.9 

39 

22.5 

11.4 

10.7 

17.6 

13.8 

mean 

15.45 

14.57 

11.10 

13.85 

10.33 

10.37 

56 

11.1 

11.1 

9.0 

9.1 

6.9 

6.1 
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LEFT  METER  RENAL  BLOOD  FLOW 
(ml/min/Kg) 


Expt.  No. 

Before 

Time  in  Minutes 

10  20  30 

After 

Time  in  Minutes 

10  20  30 

22 

5.0 

4.9 

5.0 

37 

- 

- 

- 

11.7 

10.5 

10.1 

33 

- 

- 

- 

13.2 

12.6 

12.6 

39 

- 

- 

- 

12.5 

10. 2 

10.1 

mean 

- 

- 

- 

10.6 

9.55 

9.45 

56 

- 

- 

- 

6.9 

6.6 

6.5 

ARTERIAL  BLOOD  PRESSURE 

(mm  Hg) 

Before 

After 

Time 

in  Minutes 

Time  in  Minutes 

Expt.  No. 

10 

20 

30 

10 

20 

30 

22 

130 

125 

130 

95 

100 

100 

37 

170 

167 

163 

135 

130 

130 

33 

10? 

110 

107 

95 

97 

100 

39 

95 

95 

95 

77 

77 

- 

mean 

125*5 

124.3 

123.7 

100.5 

101 

110 

56 

127 

130 

132 

93 

100 

105 
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LEFT  RENAL  RESISTANCE  -  PAH 
(mm  Hg) 

(ml/min) 


Expt.  No. 

Time 

10 

Before 

in  Minutes 

20 

30 

Time 

10 

After 

in  Minutes 

20 

30 

22 

0.93 

1.15 

1.34 

1.87 

1.53 

2.22 

37 

1.28 

0.87 

3.07 

0.92 

1.42 

1.53 

33 

0.85 

0.92 

0.59 

2.03 

0.82 

0.70 

39 

0.67 

1.18 

1.21 

1.38 

0.64 

- 

mean 

0.93 

1.03 

1.55 

1.55 

1.10 

1.48 

56 

0.61 

0.67 

0.83 

0.71 

1.11 

1.39 

RIGHT  RENAL  RESISTANCE  — 
(mm  Hg) 

(ml/min) 

PAH 

Before 

After 

Time 

in  Minutes 

Time 

in  Minutes 

Expt.  No. 

10 

20 

30 

10 

20 

30 

22 

1.04 

1.16 

1.00 

1.06 

1.22 

1.12 

37 

1.27 

0.87 

3.83 

1.56 

1.73 

1.75 

3S 

0.75 

0.55 

0.56 

0.35 

0.46 

0.53 

39 

0.60 

1.19 

1.26 

0.62 

0.80 

-- 

mean 

0.91 

0.94 

1.65 

0.90 

1.05 

1.13 
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LEFT  RENAL  RESISTANCE  -  METER 
(mm  Hg) 

(ml/min) 


Before 

After 

Time  in  Minutes 

Time 

in  Minutes 

Expt.  No. 

10  20  30 

10 

20 

30 

22 

. 

2.42 

2.44 

2.18 

37 

- 

1.28 

1.37 

1.43 

38 

- 

0.45 

0.48 

0.49 

39 

- 

0.79 

o.ss 

1.08 

mean 

- 

1.23 

1.29 

1.29 

56 

-  -  - 

0.79 

0.89 

0.95 

EXTRACTION  RATIO  of  PAH 

Expt.  No. 

Before  After 

Time  in  Minutes  Time  in  Minutes 

10  20  30  10  20  30 

O.56  0.55  0.62 

0.69  0.69  0.67 

0.49  0.52  0.55 

0.35  0.29 

0.52  0.51  0.61 

0.61  O.65  0.70 


22 

37 

38 

39 

mean 
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LEFT  FILTRATION  FRACTION 


Expt.  No. 

Time 

10 

Before 

in  Minutes 

20 

30 

Time 

10 

After 

in  Minutes 

20 

30 

22 

0.28 

0.33 

0.32 

0.13 

0.14 

0.1? 

37 

0.34 

0.30 

0.35 

0.13 

0.16 

0.15 

38 

0.37 

0.31 

0.30 

0.11 

0.07 

0.11 

39 

0.42 

0.40 

0.35 

0.11 

0.06 

- 

mean 

0.35 

0.33 

0.33 

0.12 

0.11 

0.14 

56 

0.29 

0.29 

0.27 

0.13 

0.18 

0.22 

RIGHT  FILTRATION  FRACTION 

Before 

After 

Time  in  Minutes 

Time 

in  Minutes 

Expt.  No. 

10 

20 

30 
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20 

30 

22 

0.37 

0.37 

0.34 

0.36 

0.42 

0.36 

37 

0.37 

0.31 

0.44 

0.22 

0.24 

0.24 

38 

0.38 

0.32 

0.35 

0.23 

0.26 

0.29 

39 

0.40 

0.35 

0.34 

0.28 

0.23 

- 

mean 

0.38 

0.34 

0.37 

0.27 

0.29 

0.30 

56 

0.28 

0.27 

0.29 

0.27 

0.33 
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Appendix  II 

Renal  Functions  with  Left  Renal  Vein  Catheterized  Throughout 


LEFT  URINE  FLOW 
(ml/min/Kg) 


Time  in  Minutes 


Expt.  No. 

10 

20 

30 

40 

50 

60 

6 

0.004 

0.006 

0.00? 

0.007 

0.007 

0.003 

10 

0.003 

0.004 

0.004 

0.004 

0.004 

0.003 

17 

0.004 

0.004 

0.005 

0.005 

0.005 

0.006 

19 

0.005 

0.005 

0.004 

0.003 

0.003 

0.004 

21 

0.006 

0.006 

0.006 

0.004 

- 

0.006 

mean 

0.004 

0.005 

0.005 

0.005 

0.005 

0.004 

RIGHT  URINE  FLOW 
(ml/min/Kg) 


Time  in  Minutes 

Expt.  No.  10  20  30  40  50  60 


0.032 

0.036 

0.040 

0.015 

0.015 

0.006 

10 

0.008 

0.012 

0.023 

0.022 

0.014 

0.009 

17 

0.029 

0.029 

0.030 

0.031 

0.033 

0.031 

19 

0.027 

0.026 

0.024 

0.016 

0.014 

0.014 

21 

0.013 

0.011 

0.010 

0.010 

- 

0.014 

mean 

0.022 

0.023 

0.025 

0.019 

0.019 

0.015 
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LEFT  GLOMERULAR  FILTRATION  RATE 
(ml/min/Kg) 


Time  in  Minutes 


Expt.  No. 

10 

20 

30 

40 

50 

60 

0.44 

0.53 

0.50 

0.52 

0.49 

0.26 

10 

1.03 

1.34 

1.45 

1.24 

1.16 

0.94 

17 

0.16 

0.19 

0.21 

0.20 

0.30 

0.33 

19 

0.43 

0.66 

0.51 

0.32 

0.31 

0.52 

21 

0.14 

0.15 

0.21 

0.15 

- 

0.46 

mean 

0.44 

0.57 

0.58 

0.49 

0.57 

0.50 

RIGHT  GLOMERULAR  FILTRATION  RATE 
(ml/min/Kg) 


Time 

in  Minutes 

Expt*  No. 

10 

20 

30 

40 

50 

60 

a 

2.90 

2.63 

2.22 

0.93 

1.18 

0.78 

10 

2.77 

3.01 

2.84 

2.36 

2.13 

1.82 

17 

2.09 

2.04 

2.11 

2.16 

2.13 

1.89 

19 

3.19 

1.99 

2.38 

1.97 

2.12 

1.73 

21 

2.57 

2.44 

2.68 

3.30 

- 

5.66 

mean 

2.70 

2.42 

2.45 

2.14 

1.89 

2.38 
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LEFT  RENAL  BLOOD  FLOW  -  PAH 
(ml/min/Kg) 


Time  in  Minutes 


Expt.  No. 

10 

20 

30 

40 

50 

60 

8 

8.5 

11.6 

11.3 

10.1 

5.6 

3.3 

10 

6.9 

14.6 

7.2 

7.4 

8.3 

4.4 

17 

3.6 

4.1 

3.6 

3.5 

6.8 

7.3 

19 

2.9 

7.2 

5.6 

3.7 

4.4 

5.2 

21 

3.4 

2.9 

5.2 

5.1 

- 

7.1 

mean 

5.1 

8.1 

6.6 

6.0 

6.3 

5.5 

RIGHT  RENAL  BLOOD  FLOW  -  PAH 
(ml/min/Kg ) 

Time  in 

Minutes 

Expt.  No. 

10 

20 

30 

40 

50 

60 

8 

14.0 

13.4 

11.7 

5.7 

4.6 

3.0 

10 

11.9 

14.7 

14.4 

10.4 

11.2 

10.8 

17 

8.0 

7.9 

7.5 

8.0 

8.8 

7.7 

19 

25.0 

12.7 

11.1 

12.4 

13.2 

8.8 

21 

14.8 

13.0 

13.7 

16.1 

- 

25.3 

mean 

14.7 

12.3 

11.7 

10.5 

9.5 

11.1 
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LEFT  METER  RENAL  BLOOD  FLOW 
(ml/min/Kg) 


Expt.  No. 

10 

Time 

20 

in  Minutes 

30 

40 

50 

60 

8 

13.4 

13.4 

12.7 

12.1 

8.3 

7.3 

10 

7.1 

8.6 

7.1 

7.2 

6.4 

5.5 

17 

8.5 

7.9 

7.3 

6.7 

6.5 

6.2 

19 

5.3 

5.2 

4.9 

3.9 

4.2 

3.8 

21 

9.4 

9.0 

9.2 

7.4 

- 

7.0 

mean 

8.7 

8.8 

8.2 

7.5 

6.4 

6.0 

ARTERIAL  BLOOD  PRESSURE 
(mm  Hg) 


Expt.  No. 

10 

Time 

20 

in  Minutes 

30 

40 

50 

60 

8 

125 

125 

120 

115 

90 

85 

10 

150 

145 

145 

140 

135 

125 

17 

90 

93 

90 

90 

93 

90 

19 

105 

100 

87 

80 

82 

85 

21 

145 

140 

140 

125 

115 

115 

mean 

123 

121 

116 

110 

103 

100 
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LEFT  RENAL  RESISTANCE  -  PAH 
(mm  Hg) 

(ml/min) 


Expt.  No* 

10 

Time 

20 

in  Minutes 

30 

40 

50 

60 

8 

0.85 

0.63 

0.68 

1.19 

1.56 

1.23 

10 

1.08 

0.50 

1.02 

0.99 

0.86 

1.49 

17 

2.30 

2.14 

2.37 

2.45 

1.28 

1.17 

19 

2.18 

0.86 

0.95 

1.34 

1.15 

1.00 

21 

3.57 

4.05 

2.31 

2.13 

- 

1.43 

mean 

2.00 

1.64 

1.47 

1.62 

1.21 

1.26 

RIGHT 

RENAL 

RESISTANCE 

-  PAH 

(mm  Hg) 
(ml/min) 


Time 

in  Minutes 

Expt*  No* 

10 

20 

30 

40 

50 

60 

6 

0.51 

0.54 

0.59 

1.17 

1.12 

3.22 

10 

0.62 

0.50 

0.51 

0.71 

0.64 

0.60 

17 

1.04 

1.10 

1.13 

1.07 

1.00 

1.11 

19 

0.25 

0.48 

0.48 

0.40 

0.38 

0.60 

21 

0.82 

0.91 

0.86 

0.68 

- 

0.40 

mean 

0.65 

0.71 

0.71 

0.81 

0.79 

1.19 
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LEFT  RENAL  RESISTANCE  METER 
(™  Hfi) 

(ml/min ) 


Time 

in  Minutes 

Expt.  No. 

10 

20 

30 

40 

50 

60 

8 

0 *54 

0.54 

0.54 

0.55 

0.62 

0.67 

10 

1.00 

0.92 

0.97 

1.06 

1.14 

1.25 

17 

1.01 

1.13 

1.17 

1.28 

1.35 

1.39 

19 

1.24 

1.21 

1.12 

1.29 

1.22 

1.39 

21 

1.89 

1.91 

1.87 

2.12 

2.02 

2.06 

mean 

1.14 

1.14 

1.13 

1.26 

1.27 

1.35 

EXTRACTION 

RATIO  OF 

PAH 

Expt*  No. 

10 

Time  in  Minutes 

20  30 

40 

50 

60 

8 

0.37 

0.36 

0.42 

0.49 

0.52 

0.44 

10 

0.56 

0.48 

0.49 

0.61 

0.58 

0.57 

17 

0.35 

0.38 

0.45 

0.43 

0.33 

0.36 

19 

0.75 

0.68 

0.71 

0.65 

0.66 

0.75 

21 

0.63 

0.65 

0.62 

0.53 

- 

0.60 

mean 

0.53 

0.51 

0.54 

0.55 

0.52 

0.54 

o 


p  p  r  f  ( 

K  I  ’  .  . 


9  v: 


o.: 


o 

.0 


: *  a- 


-  xix  - 


LEFT  FILTRATION  FRACTION 


Expt.  No. 

10 

Time 

20 

in  Minutes 

30 

40 

50 

60 

a 

0.11 

0.10 

0.10 

0.11 

0.18 

0.15 

10 

0.33 

0.26 

0.44 

0.37 

0.32 

0.47 

17 

0.07 

0.07 

0.09 

0.09 

0.07 

0.07 

19 

0.28 

0.17 

0.17 

0.16 

0.12 

0.17 

21 

0.09 

0.11 

0.08 

0.09 

- 

0.13 

mean 

0.18 

0.14 

0.18 

0.16 

0.17 

0.20 

RIGHT  FILTRATION  FRACTION 

Time  in 

Minutes 

Expt.  No. 

10 

20 

30 

40 

50 

60 

a 

0*44 

0.43 

0.40 

0.14 

0.51 

0.51 

10 

0.51 

0.45 

0.43 

0.51 

0.43 

O.41 

17 

0.42 

0.41 

0.45 

0.42 

0.37 

0.37 

19 

0.24 

0.29 

0.39 

0.29 

0.28 

0.35 

21 

0.38 

0.40 

0.41 

0.42 

- 

0.44 

mean 

0.40 

0.40 

0.42 

0.36 

O.32 

0.42 
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Appendix  III 

Before  and  After  Left  Renal  Nerve  Block,  with  Left  Renal 
Vein  Catheterized  Throughout 


LEFT  URINE  FLOW 
(ml/min/Kg) 


Expt.  No. 

Time 

10 

Before 

in  Minutes 

20 

30 

Time 

10 

After 

in  Minutes 

20 

30 

22 

0.019 

0.026 

0.030 

0.023 

0.032 

0.046 

23 

0.004 

0.002 

0.003 

0.012 

0.011 

0.013 

31 

0.00? 

0.005 

0.004 

0.002 

0.003 

0.003 

mean 

0.010 

0.011 

0.012 

0.012 

0.015 

0.021 

RIGHT  URINE  FLOW 
(ml/min/Kg) 


Before 

After 

Time 

in  Minutes 

Time 

in  Minutes 

Expt.  No. 

10 

20 

30 

10 

20 

30 

22 

0.125 

0.214 

0.262 

0.273 

0.223 

0.243 

23 

0.034 

0.026 

0.020 

0.013 

0.015 

0.017 

31 

0.007 

0.006 

0.005 

0.003 

0.003 

0.003 

mean 

0.055 

0.085 

0.096 

0.097 

0.060 

0.088 

O  ,  ,  i  T O. 


r  .[  & v  * ' ' '  3  /  I  ,n  r;  s r-  o  '  r;  o . 

_■  X  -]■  p  j  r  ■  3 


9  pc  ;  9 


O''  “'to 


9 


/ 


N  ■«  ).0 
£ 1 ) .  j 

r  )  ;  .  ,) 

IS0.0 


3a  j 


t  >  a 


r.z  ko 


J  o 

:Q,  ) 

:  ).o 


, 


c  . .  .jqx 


n 


} 

\  , ;  •  o 

-  «» 

.[.'0.1  -.EG. 


9\X  X  ' 

p  Q  '  M  -  i.r  ;  >.r  9. 

or  or 


r  j  .  o 

,  )*Q 


..  j  „  j 
r.;D.O 


! .  J 
■'  0  ; 
J .  J 


°D. 

l0D*G 


:  - .  j 
'  „  0 


.  i 


>  - 


LEFT  GLOMERULAR  FILTRATION  RATE 
(ml/min/Kg) 


Before 

After 

Time  in  Minutes 

Time  in  Minutes 

Expt.  No. 

10  20  30 

10  20 

22 

0  «  4-$ 

0.65 

0.54 

0.63 

0.52 

0.44 

2$ 

0.51 

0.23 

0.36 

1.77 

1.03 

1.24 

31 

1.34 

0.71 

0.46 

0.14 

0.34 

0.33 

mean 

0.78 

0.53 

0.45 

0.85 

0.63 

0.67 

RIGHT  GLOMERULAR  FILTRATION  RATE 
(ml/min/Kg) 


Before 

After 

Time 

in  Minutes 

Time 

in  Minutes 

Expt.  No. 

10 

20 

30 

10 

20 

30 

22 

2.3 

2.5 

2.3 

2.7 

1.8 

1.8 

2S 

2.13 

1.98 

1.08 

2.16 

1.75 

1.95 

31 

1.2  5 

0.95 

0.65 

0o30 

0.28 

0.20 

mean 

1.69 

1.81 

1.34 

1.73 

1.28 

1.32 
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LEFT  RENAL  BLOOD  FLOW  -  PAH 
(ml/min/Kg) 


Expt.  No. 

Time 

10 

Before 

in  Minutes 

20 

30 

Time 

10 

After 

in  Minutes 

20 

30 

22 

6.3 

8.0 

5.6 

12.5 

5.5 

7.4 

23 

3.3 

2.3 

3.1 

12.6 

8.0 

10.0 

31 

10.4 

7.9 

4.4 

2.2 

5.7 

4.2 

mean 

6.7 

6.1 

4.4 

9.1 

6*4 

7.2 

RIGHT  RENAL  BLOOD  FLOW 
(ml/min/Kg) 

-  PAH 

Before 

After 

Time 

in  Minutes 

Time 

in  Minutes 

Expt.  No. 

10 

20 

30 

10 

20 

30 

22 

n.i 

10.1 

11.0 

10.3 

13.5 

6.6 

23 

7.6 

7.5 

8.8 

3.3 

6.5 

7.8 

31 

9.5 

9.9 

6.4 

4*4 

3.5 

3.0 

mean 

9.4 

9.2 

8.7 

6.0 

7.8 

5.8 
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LEFT  RENAL  BLOOD  FLOW  -  METER 
( ml/mi n/ Kg) 


Before  After 


Time 

in  Minutes 

Time 

in  Minutes 

Expt.  No. 

10 

20 

30 

10 

20 

30 

22 

4.9 

5.0 

5.7 

4.5 

4.9 

5.2 

28 

9.5 

9.1 

10.1 

8.3 

9.1 

8.9 

31 

9.7 

8.9 

8.9 

7.3 

6.9 

6.3 

mean 

8.0 

7.7 

8.2 

6.7 

7.0 

6.8 

ARTERIAL  BLOOD  PRESSURE 
(mm  Hg) 


Before  After 

Time  in  Minutes  Time  in  Minutes 


Expt.  No. 

10 

20 

30 

10 

20 

30 

22 

95 

100 

100 

93 

100 

103 

2B 

127 

125 

125 

118 

122 

122 

31 

105 

93 

93 

95 

95 

93 

mean 

109 

106 

106 

102 

106 

106 
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LEFT  RENAL  RESISTANCE  -  PAH 
(mm  Hg) 

(ml/min) 


Before 

After 

Time 

in  Minutes 

Time 

in  Minutes 

Expt.  No. 

10 

20 

30 

10 

20 

30 

22 

1.82 

1.49 

2.16 

0.89 

2.19 

1.70 

23 

2.62 

3.59 

2.73 

0.63 

1.03 

0.82 

31 

0.67 

0.79 

1.40 

2.88 

1.12 

1.48 

mean 

1.70 

1.96 

2.10 

1.47 

1.45 

1.33 

RIGHT  RENAL  RESISTANCE  -  PAH 
(mm  Hg) 

(ml/min) 


Before 

After 

Time 

in  Minutes 

Time 

in  Minutes 

Expt.  No. 

10 

20 

30 

10 

20 

30 

22 

1.03 

1.19 

1.09 

1.08 

0.89 

1.90 

23 

1.13 

1.13 

0.96 

2.41 

1.26 

1.06 

31 

0.74 

0.63 

0.96 

1.43 

1.79 

2.04 

mean 

0.97 

0.98 

1.00 

1.64 

1.31 

1.67 
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LEFT  RENAL  RESISTANCE  -  METER 
(mm  Hg) 

(ml/min) 


Expt.  No. 

Time 

10 

Before 

in  Minutes 

20 

30 

Time 

10 

After 

in  Minutes 

20 

30 

22 

2.42 

2.44 

2.18 

2.52 

2.51 

2.45 

2$ 

0.90 

0.93 

0.83 

0.97 

0.91 

0.92 

31 

0.72 

0.70 

0.70 

0.86 

0.92 

0.98 

mean 

1.35 

1.36 

1.24 

1.45 

1.45 

1.45 

EXTRACTION  RATIO  of  PAH 

Before 

After 

Time  in  Minutes 

Time 

in  Minutes 

Expt.  No. 

10 

20 

30 

10 

20 

30 

22 

0.56 

0.55 

0.62 

0.33 

0.43 

0.42 

2$ 

0.68 

0.63 

0.64 

0.66 

0.74 

0.74 

31 

0.77 

0.77 

0.82 

0. 84 

0.91 

0.82 

mean 

0.67 

0.65 

0.69 

0.61 

0.69 

0.66 
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LEFT  FILTRATION  FRACTION 


Before 

After 

Time 

in  Minutes 

Time 

in  Minutes 

Expt.  No. 

10 

20 

30 

10 

20 

30 

22 

0.13 

0.14 

0.17 

0o09 

0.17 

0.11 

23 

0.30 

0.18 

0.21 

0.23 

0.21 

0.20 

31 

0.22 

0.15 

0.17 

0.10 

0.09 

0.12 

mean 

0.22 

0.16 

0.18 

0.14 

0.16 

0.14 

RIGHT  FILTRATION  FRACTION 


Before  After 

Time  in  Minutes  Time  in  Minutes 


Expt.  No. 

10 

20 

30 

10 

20 

30 

22 

0.36 

0.42 

0.36 

0.46 

0.24 

0.49 

23 

0.54 

0.49 

0.23 

- 

0.44 

0.40 

31 

0.22 

0.16 

0.16 

0.11 

0.12 

0.10 

mean 

0.37 

0.36 

0.25 

0.23 

0.27 

0.33 
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Appendix  IV 


Before  and  After  Mannitol  Diuretic 
With  Left  Renal  Vein  Catheterized  Throughout 


LEFT  URINE  FLOW 
(ml/min/Kg) 


Before  After 


Time  in  Minutes  Time  in  Minutes 


Expt.  No. 

10 

20 

30 

10 

20 

30 

40 

33 

0.003 

0.003 

0.004 

0.027 

0.062 

0.096 

O.O85 

34 

0.016 

0.012 

0.012 

0.096 

0.077 

0.072 

0.069 

35 

0.015 

0.014 

0.013 

0.122 

0.160 

0.155 

0.137 

37 

0.027 

0.014 

0.010 

0.048 

0.055 

0.039 

- 

33 

0.006 

0.00? 

0.008 

0.026 

O.O36 

0.038 

- 

mean 

0.013 

0.010 

0.009 

0.064 

0.078 

0.080 

0.097 

RIGHT  URINE  FLOW 
(ml/min/Kg) 


Before  After 


Time  in  Minutes  Time  in  Minutes 


Expt.  No. 

10 

20 

30 

10 

20 

30 

40 

33 

0.017 

0.014 

0.010 

0.110 

0.164 

0.193 

0ol73 

34 

0.012 

0.018 

0.015 

0.103 

0.072 

0.066 

0.066 

35 

0.035 

0.031 

0.030 

0.140 

0.165 

0.155 

0.144 

37 

0.073 

0.055 

0.048 

0.164 

0.173 

0.178 

- 

33 

0.025 

0.024 

0.024 

0.096 

0.125 

0.108 

- 

mean 

0.032 

0.028 

0.025 

0.123 

0.140 

0.140 

0.129 
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LEFT  GLOMERULAR  FILTRATION  RATE 
(ml/min/Kg) 


Before 

After 

Time 

in  Minutes 

Time  in 

Minutes 

Expt.  No. 

10 

20 

30 

10  • 

20 

30 

40 

33 

0.5 

0.7 

0.8 

2.6 

1.2 

1.6 

o.g 

34 

1.2 

1.0 

1.1 

2.4 

1.1 

1.2 

1.1 

35 

2.4 

2.1 

1.9 

0.6 

0.8 

0.7 

1.0 

37 

1.1 

0.9 

0.8 

1.5 

0.7 

0.5 

- 

38 

0.2 

0.3 

0.6 

1.0 

0.9 

0.8 

— 

mean 

1.1 

1.0 

1.0 

1.6 

0.9 

1.0 

1.0 

RIGHT  GLOMERULAR  FILTRATION  RATE 
(ml/min/Kg ) 

Before 

After 

Time  in  Minutes 

Time  in  Minutes 

Expt.  No.  10  20  30 

10 

20  30  40 

33 

1.9 

1.5 

1.4 

3.1 

1.3 

1.3 

1.1 

34 

0.7 

1.3 

1.1 

1.2 

0.9 

1.0 

1.1 

35 

1.6 

1.7 

1.7 

1.3 

0.9 

0.9 

1.6 

37 

1.1 

1.1 

1.1 

1.2 

0.8 

0.8 

— 

38 

2.3 

2.1 

2.1 

2.2 

2.2 

1.8 

- 

mean 

1.5 

1.5 

1.5 

1.8 

1.2 

1.2 

1.3 
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LEFT  RENAL  BLOOD  FLOW  -  PAH 
(ml/min/Kg) 


Before 

Time  in  Minutes 

Expt.  No.  10  20  30 

10 

After 

Time  in  Minutes 

20  30 

40 

33 

4.1 

5.2 

4.7 

23.8 

23.4 

19.4 

16.7 

34 

3.0.9 

10.9 

10.7 

22.8 

8.4 

9.4 

9.2 

35 

10.6 

10.9 

10.4 

10.2 

14.1 

14.0 

12.9 

37 

16.3 

10.2 

9.4 

18.5 

10.4 

7.5 

- 

33 

2.9 

7.4 

8.9 

16.5 

13.8 

12.6 

- 

mean 

9.0 

3.9 

8.8 

18.4 

14.0 

12.6 

12.9 

RIGHT 

RENAL  BLOOD  FLOW  - 

-  PAH 

(ml/ min/ Kg) 


Before  After 


Time  in  Minutes  Time  in  Minutes 


Expt.  No. 

10 

20 

30 

10 

20 

30 

40 

33 

12.7 

13.3 

8.7 

20.0 

9.0 

9.7 

10.3 

34 

5.4 

7.0 

5.5 

7.1 

4.7 

5.3 

5.9 

35 

7.3 

8.1 

9.2 

10.4 

10.0 

9.7 

7.4 

37 

9.6 

$•4 

8.2 

9.2 

7.9 

7.7 

- 

38 

17.1 

13.0 

11.9 

12.9 

11.0 

10.3 

- 

mean 

10.4 

10.0 

8.7 

11.9 

8.5 

8.5 

7.9 
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LEFT  RENAL  BLOOD  FLOW  -  METER 
(ml/min/Kg) 


Before 

After 

Time 

in  Minutes 

Time  in  Minutes 

Expt.  No. 

10 

20 

30 

10 

20 

30 

40 

33 

9.3 

3.1 

6.4 

7.6 

3.6 

8.3 

7.6 

34 

11.4 

10.3 

9.7 

10.0 

3.3 

8.9 

8.7 

■  35 

10.4 

11.0 

11.3 

15.7 

14-5 

13.9 

12.5 

37 

11.7 

10.5 

10.1 

9.2 

3.5 

7.7 

- 

33 

13.2 

12.6 

12.6 

13.2 

13.2 

12.6 

- 

mean 

11.3 

10.5 

10.0 

11.1 

10.6 

10.3 

9.6 

ARTERIAL  BLOOD  PRESSURE 
(mm  Hg) 

Expt.  No. 

Time 

10 

Before 

in  Minutes 

20  30 

10 

After 

Time  in  Minutes 

20  30 

40 

33 

122 

109 

99 

99 

98 

94 

90 

34 

115 

107 

97 

102 

77 

85 

87 

35 

95 

90 

85 

100 

99 

93 

85 

37 

135 

130 

130 

135 

123 

115 

- 

38 

95 

97 

100 

105 

107 

110 

- 

mean 

112 

107 

102 

108 

101 

99 

87 

910 
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LEFT  RENAL  RESISTANCE  -  PAH 
(mm  Hg) 

( ml/mi n) 


Before 

After 

Time 

in  Minutes 

Time  in  Minutes 

Expt.  No* 

10 

20 

30 

10 

20 

30 

40 

33 

2.46 

1.75 

1.77 

0.35 

0.35 

0.40 

0.45 

34 

1.06 

0.98 

0.91 

0.60 

0.92 

0.91 

0.94 

35 

0.97 

0.91 

0.89 

1.08 

0.77 

0.73 

0.73 

37 

0.92 

1.42 

1.53 

0.81 

1.32 

1.70 

- 

38 

2.03 

0.82 

0.70 

0.40 

0.48 

0.55 

- 

mean 

1.49 

1.18 

1.16 

0.65 

0.77 

0.86 

0.71 

RIGHT 

RENAL  RESISTANCE 
(mm  Hg) 
(ml/min) 

-  PAH 

Expt.  No. 

Time 

10 

Before 

in  Minutes 

20  30 

10 

After 

Time  in  Minutes 

20  30 

40 

33 

0.80 

0.68 

0.95 

0.41 

0.91 

0.80 

0.73 

34 

2.13 

1.53 

1.80 

1.44 

1.66 

1.61 

1.47 

35 

1.43 

1.22 

1.02 

1.06 

1.09 

1.05 

1.26 

37 

1.56 

1.73 

1.75 

1.64 

1.72 

1.66 

- 

3S 

0.35 

0.46 

0.53 

0.51 

0.61 

0.67 

- 

mean 

1.34 

1.12 

1.21 

1.01 

1.20 

1.16 

1.15 

0. 
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LEFT  RENAL  RESISTANCE  -  METER 
(mm  Hg) 

(ml/min) 


Before  After 

Time  in  Minutes  Time  in  Minutes 


Expt.  No. 

10 

20 

30 

10 

20 

30 

40 

33 

1.03 

1.12 

1.29 

1.08 

0.95 

0.94 

0.9S 

34 

1.02 

1.04 

1.00 

1.02 

0.93 

0.95 

1.01 

35 

1.01 

0.90 

0.82 

0.70 

0.75 

0.73 

0.75 

37 

1.28 

1.37 

1.43 

1.63 

1.61 

1.66 

- 

38 

0.45 

0.48 

0.49 

0.50 

0.51 

0.54 

- 

mean 

0.96 

0.98 

1.01 

0.99 

0.95 

0.96 

0.91 

EXTRACTION  RATIO  of  PAH 


Before  After 


Time  in  Minutes  Time  in  Minutes 


Expt.  No. 

10 

20 

30 

10 

20 

30 

40 

33 

0.73 

0.69 

0.75 

0.57 

0.51 

0.56 

0.58 

34 

0.65 

0.61 

0.64 

0.62 

0.74 

0.72 

0.73 

35 

0.78 

0.76 

0.73 

0.64 

0.65 

0.67 

0.69 

37 

0.69 

0.69 

0.67 

0.69 

0.66 

0.65 

- 

3$ 

0.49 

0.52 

0.55 

0.51 

0.56 

0.63 

- 

mean 

0.67 

0.65 

0.67 

0.61 

0.62 

0.65 

0.67 
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LEFT  FILTRATION  FRACTION 


Before 

After 

Time 

in  Minutes 

Time  in  Minutes 

Expt.  No. 

10 

20 

30 

10 

20 

30 

40 

33 

0.23 

0.21 

0.27 

0.15 

0.06 

0.11 

0.06 

34 

0.16 

0.14 

0.14 

0.14 

0.17 

0.17 

0.15 

35 

0.38 

0.32 

0.30 

0.09 

0.06 

0.07 

0.11 

37 

0.13 

0.16 

0.15 

0.14 

0.11 

0.10 

- 

38 

0.11 

0.07 

0.11 

0.09 

0.10 

0o09 

- 

mean 

0.20 

0.16 

0.19 

0.12 

0.10 

0.11 

0.11 

RIGHT 

FILTRATION 

FRACTION 

Before 

After 

Time 

in  Minutes 

Time  in 

Minutes 

Expt.  No. 

10 

20 

30 

10 

20 

30 

40 

33 

0.27 

0.20 

0.27 

0.21 

0.19 

0.17 

0.15 

34 

0.20 

0.27 

0.29 

0.23 

0.25 

0.24 

0.23 

35 

0.36 

0.35 

0.30 

0.17 

0.13 

0.13 

0.19 

37 

0.22 

0.24 

0.24 

0.22 

0.16 

0.16 

- 

38 

0.23 

0.26 

0.29 

0.26 

0.30 

0.26 

- 

mean 

0.26 

0.26 

0.26 

0.22 

0.21 

0.19 

0.19 
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Appendix  V 

Renal  Functions  During  Control,  After  Xylocaine  and  After  Left 

Renal  Vein  Catheterized 


LEFT  URINE  FLOW 
(ml/min/Kg) 


Expt.  No. 

Control 

After  Xylocaine 

After  Meter 

Time  in 

Minutes 

Time  in 

Minutes 

Time 

in  Minutes 

10 

20 

10 

20 

10 

20 

30 

48 

0.043 

0.029 

0.024 

0.012 

0.011 

0.009 

50 

0.057 

0.035 

0.035 

0.054 

0.017 

0.019 

0.013 

46 

0.012 

0.014 

0.015 

- 

0.011 

0.010 

0.009 

49 

0.027 

0.041 

0.030 

0.075 

0.030 

0.036 

0.034 

52 

0.010 

0.00? 

0.013 

0.009 

0.017 

0.011 

0.010 

53 

0.012 

0.014 

0.029 

0.030 

0.020 

0.019 

0.013 

57 

0.011 

0.011 

0.023 

0.023 

0.010 

0.010 

0.011 

mean 

0.024 

0.021 

0.031 

0.039 

0.017 

0.017 

0.014 

RIGHT  URINE  FLOW 
(ml/min/Kg) 

Expt.  No. 

Control 

Time  in  Minutes 

10  20 

After  Xylocaine 

Time  in  Minutes 

10  20 

After  Meter 

Time  in  Minutes 

10  20  30 

43 

0.042 

0.023 

0.020 

0.019 

0.017 

0.017 

50 

0.026 

0.016 

0.006 

0.006 

0.006 

0.006 

0.005 

46 

0.014 

0.014 

0.015 

- 

0.014 

0.010 

0.012 

49 

0.033 

0.052 

0.079 

0.072 

0.039 

O.O64 

0.069 

52 

0.009 

0.007 

0.012 

0.009 

0.027 

0.013 

0.009 

53 

0.012 

0.015 

0.022 

0.025 

0.033 

0.021 

0.016 

57 

o.on 

0.010 

0.011 

0.012 

0.003 

0.00? 

0.012 

mean 

0.021 

0.020 

0.023 

0.025 

0.021 

0.020 

0.020 
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LEFT  GLOMERULAR  RATE 
(ml/min/Kg ) 


Expt.  No.  Control  After  Xylocaine  After  Meter 


Time 

in  Minutes 

Time 

in  Minutes 

Time 

in  Minutes 

10 

20 

10 

20 

10 

20 

30 

48 

2.40 

1.84 

2.12 

0.49 

0.39 

0.37 

50 

0.70 

0.62 

0.61 

0.56 

0.19 

0.24 

0.17 

46 

1.41 

1.36 

1.36 

- 

- 

1.25 

1.08 

49 

2.3S 

1.93 

2.00 

2.04 

2.52 

1.94 

1.31 

52 

1.72 

1.38 

1.28 

0.57 

1.25 

0.67 

0.54 

53 

1.04 

1.25 

1.23 

0.80 

0.46 

0.91 

0.80 

57 

1.42 

2.13 

1.62 

2.45 

0.99 

1.60 

1.61 

mean 

1 .58 

1.50 

1.46 

1.28 

0.97 

1.00 

0.84 

RIGHT  GLOMERULAR  RATE 
(ml/min/Kg) 


Expt.  No. 

Control 

After  Xylocaine 

After  Meter 

Time  in 

Minutes 

Time 

in  Minutes 

Time 

in  Minutes 

10 

20 

10 

20 

10 

20 

30 

4$ 

2.38 

1.98 

2.10 

2.25 

1.63 

1.49 

50 

0.98 

0.88 

0.42 

0.31 

0.20 

0.16 

0.15 

46 

1.57 

1.39 

1.42 

- 

- 

1.08 

1.38 

49 

2.14 

2.14 

2.09 

2.06 

1.64 

2.00 

1.68 

52 

1.70 

1.49 

1.30 

1.34 

1.83 

1.64 

1.54 

53 

1.02 

1.32 

1.43 

0.86 

0.61 

0.87 

0.86 

57 

1.39 

1.84 

1.47 

1.97 

1.17 

1.64 

2.27 

mean 

1.60 

1.58 

1.46 

1.51 

1.28 

1.29 

1.34 
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LEFT  RENAL  BLOOD  FLOW  -  PAH 
(ml/min/Kg ) 


Expt.  No, 

Control 

After  Xylocaine 

After  Meter 

Time  in 

Minutes 

Time  in 

Minutes 

Time 

in  Minutes 

10 

20 

10 

20 

10 

20 

30 

48 

15.72 

13.10 

14.95 

9.33 

7.39 

6.72 

50 

7.53 

5.26 

5.25 

4.82 

4.02 

4.50 

3.61 

46 

9.36 

9.20 

9.56 

- 

- 

10.50 

7.93 

49 

7.24 

7.15 

9.00 

8.96 

15.53 

10.13 

6.35 

52 

10.95 

8.90 

8.06 

6.93 

12.40 

6.14 

5.09 

53 

8.45 

8.37 

7.65 

6.05 

3.57 

6.60 

5.63 

57 

9.29 

15.22 

10.61 

14.34 

12.30 

11.65 

10.44 

mean 

9.79 

9.60 

9.30 

8.22 

9.53 

8.13 

6.54 

RIGHT  RENAL  BLOOD  FLOW  -  PAH 
(ml/min/Kg) 

Expt.  No. 

Control 

Time  in  Minutes 

10  20 

After  Xylocaine 

Time  in  Minutes 

10  20 

After  Meter 

Time  in  Minutes 

10  20  30 

48 

15.50 

13.82 

14.45 

30.9 

18.40 

16.40 

50 

7.06 

6.50 

2.80 

1.91 

4.85 

4.53 

3.64 

46 

10.50 

9.70 

10.50 

- 

- 

8.77 

10.10 

49 

6.94 

6.50 

7.35 

9.12 

10.85 

10.35 

8.70 

52 

11.30 

9.42 

8.14 

8.80 

12.90 

11.90 

11.60 

53 

8.55 

8.85 

9.02 

5.90 

4.42 

5.32 

5.20 

57 

9.65 

14.05 

9.65 

10.52 

10.27 

8.01 

10.82 

mean 

9.93 

9.83 

8.84 

7.25 

12.37 

9.61 

9.49 
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LEFT  RENAL  BLOOD  FLOW  -  METER 
(ml/min/Kg) 


Expt.  No. 

Control 

Time  in  Minutes 

10  20 

After  Xylocaine 

;  Time  in  Minutes 

10  20 

After  Meter 

Time  in  Minutes 

10  20  30 

4$ 

11.30 

10.70 

10.70 

50 

- 

- 

- 

- 

5.23 

4.35 

4.43 

4  6 

- 

- 

- 

— 

9.05 

8.50 

8.50 

49 

- 

- 

- 

- 

10.40 

10.00 

9.30 

52 

- 

- 

- 

- 

7.66 

8.35 

7.66 

53 

- 

- 

- 

- 

4.90 

6.90 

7-40 

57 

- 

- 

- 

- 

10.60 

8.80 

8.30 

mean 

- 

- 

- 

8.45 

8.23 

$  .  04 

ARTERIAL  BLOOD 

PRESSURE 

(mm  Hg) 

Expt.  No. 

Control 

After 

Xylocaine 

After  Meter 

Time  in  Minutes  Time  in  Minutes 

Time 

in  Minutes 

10 

20 

10 

20 

10 

20 

30 

48 

135 

135 

120 

108 

110 

108 

107 

50 

145 

138 

120 

115 

100 

95 

95 

46 

90 

90 

90 

90 

83 

86 

84 

49 

115 

115 

105 

108 

95 

95 

95 

52 

168 

160 

158 

155 

135 

143 

150 

53 

135 

135 

130 

130 

100 

100 

95 

57 

105 

107 

113 

115 

105 

110 

115 

mean 

127 

126 

120 

117 

104 

105 

106 
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LEFT  RENAL  RESISTANCE  -  PAH 
(ml/min ) 

(mm  Hg) 


Expt.  No.  Control  After  Xylocaine  After  Meter 


Time  in 

Minutes 

Time 

in  Minutes 

Time 

in  Minutes 

10 

20 

10 

20 

10 

20 

30 

48 

0.79 

0.95 

0.75 

1.09 

1.35 

1.48 

50 

1.12 

1.53 

1.33 

1.39 

1.45 

1.23 

1.53 

46 

0.62 

0.63 

0.61 

- 

0.53 

0.63 

49 

1.77 

1.79 

1.33 

1.34 

0.63 

1.04 

1.66 

52 

0.65 

0.77 

0.33 

0.95 

0.46 

0.99 

1.25 

53 

1.34 

1.36 

1.43 

1.31 

2.36 

1.27 

1.42 

57 

0.37 

0.54 

0.82 

0.62 

0.66 

0.73 

O.85 

mean 

1.02 

1.09 

1.01 

1.22 

1.12 

1.02 

1.27 

RIGHT  RENAL  RESISTANCE  -  PAH 
(ml/min) 

(mm  Hg) 


Expt.  No. 

Control 

After  Xylocaine 

After  Meter 

Time 

in  Minutes 

Time  in 

Minutes 

Time 

in  Minutes 

10 

20 

10 

20 

10 

20 

30 

43 

0.31 

0.91 

0.77 

_ 

0.33 

0.54 

0.61 

50 

1.19 

1.23 

2.49 

3.50 

1.20 

1.22 

1.52 

46 

0.55 

0.60 

0.55 

- 

- 

0.64 

0.49 

49 

1.85 

1.97 

1.63 

1.32 

0.97 

1.02 

1.20 

52 

0.63 

0.72 

0.83 

0.75 

0.44 

0.51 

0.60 

53 

1.33 

1.23 

lo  21 

1.85 

1.90 

1.58 

1.54 

57 

O.84 

0.59 

0.90 

0.84 

0.79 

1.06 

0.82 

mean 

1.03 

1.04 

1.20 

1.65 

0.94 

0.94 

0.97 
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LEFT  RENAL  RESISTANCE  -  METER 
(mm  Hg) 

(ml/min) 


Expt.  No.  Control  After  Xylocaine  After  Meter 


Time 

in  Minutes 

Time 

in  Minutes 

Time 

in  Minutes 

10 

20 

10 

20 

10 

20 

30 

48 

_ 

0.90 

0.93 

0.93 

50 

- 

- 

- 

- 

1.11 

1.27 

1.25 

46 

- 

- 

- 

- 

0.59 

0.65 

0.64 

49 

- 

- 

- 

- 

1.01 

1.05 

1.14 

52 

- 

- 

- 

- 

0.75 

0.73 

0.83 

53 

- 

- 

- 

- 

1.72 

1.22 

1.08 

57 

- 

- 

- 

0.76 

0.96 

1.07 

mean 

- 

- 

- 

- 

0.98 

0.97 

0.99 

EXTRACTION  RATIO  OF  PAH 


Expt.  No. 

Control 

After  Xylocaine 

After  Meter 

Time 

in  Minutes 

Time  in  Minutes 

Time 

in  Minutes 

10 

20 

10  20 

10 

20 

30 

4S 

0.46 

0.50 

0.52 

50 

— 

- 

-  - 

0.65 

0.68 

0.62 

46 

— 

- 

- 

- 

0.79 

0. 84 

49 

- 

- 

- 

0.71 

0.75 

0.70 

52 

- 

- 

- 

0.79 

0.83 

0.79 

53 

- 

- 

- 

0.89 

0.85 

0.81 

57 

- 

- 

- 

0.69 

0.77 

0.79 

mean 

_ 

-  - 

0.70 

0.74 

0.72 
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LEFT  FILTRATION  FRACTION 


Expt.  No.  Control  After  Xylocaine  After  Meter 


Time 

in  Minutes 

Time  in  Minutes 

Time  in  Minutes 

10 

20 

10  20 

10  20  30 

43 

0.2$ 

0.24 

0.25 

- 

0.09 

0.09 

0.10 

50 

0.19 

0.24 

0.23 

0.23 

0.08 

0.09 

0.07 

46 

0.30 

0.30 

0.31 

- 

- 

0.25 

0.28 

49 

0.52 

0.43 

0.36 

0.38 

0.26 

0.31 

0.33 

52 

0.40 

0.40 

0.49 

0.22 

0.27 

0.29 

0.30 

53 

0.26 

0.31 

0.32 

0.26 

0.24 

0.26 

0.26 

57 

0.30 

0.27 

0.30 

0.32 

0.15 

0.26 

0.29 

lean 

0.32 

0.31 

0.32 

0.28 

0.18 

0.22 

0.23 

RIGHT  FILTRATION  FRACTION 


Expt.  No.  Control  After  Xylocaine  After  Meter 


Time 

in  Minutes 

Time 

in  Minutes 

Time  in 

Minutes 

10 

20 

10 

20 

10  20 

30 

4$ 

0.28 

0.26 

0.26 

- 

0.13 

0.15 

0.16 

50 

0.29 

0.28 

0.30 

0.32 

0.07 

0.06 

0.07 

46 

0.30 

0.29 

0.29 

- 

- 

0.26 

0.28 

49 

0.49 

0.53 

0.47 

0.38 

0.24 

0.31 

0.31 

52 

0.38 

0.42 

0.41 

0.40 

0.37 

0.37 

0.41 

53 

0.25 

0.31 

0.32 

0.28 

0.26 

0.31 

0.30 

57 

0.28 

0.26 

0.30 

0.35 

0.22 

0.38 

0.39 

lean 

0.32 

0.33 

0.33 

0.35 

0.21 

0.26 

0.27 
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Appendix  VI 


TABLE  OF  ALL  EXPERIMENTS  PERFORMED 


Expt.  No* 

Dog  Wt. 

&  Sex 

Date 

Special  Remarks 

1 

10 

19/5/58 

Hypervolaemia  with  Blood  — to 
learn  technique. 

2 

7.5 

23/5/58 

Hypervolaemia  with  Blood  -  to 
learn  technique. 

3 

7.1M 

28/5/58 

Start  with  Clearances  -B.P.  too  low. 

4 

10.  OM 

2/6/58 

PAH  plasma  levels  too  high. 

5 

8.5M 

6/6/58 

PAH  plasma  levels  too  high. 

6 

25. 5M 

10/6/58 

Dog  died  due  to  rupture  of  vena  cava. 

7 

14.  OF 

16/6/58 

PAH  plasma  levels  too  high,  urine 
flow  low,  start  with  femoral  A-V  shunt 

17. 4M 

18/6/58 

Urine  flows  equal  before  meter, 

B.P.  good.  Series  II. 

9 

14. 5M 

26/6/58 

Dog  died  due  to  rupture  of  renal 
vein. 

10 

18. 3M 

30/6/58 

Serpasil  used,  B.P.  good.  Series  II. 

11 

14. 3M 

4/7/58 

Dog  died-probably  synergism  with 
Serpasil. 

12 

11. 4M 

4/7/58 

Not  sufficient  urine. 

13 

14. 4F 

9/7/58 

Pretreated  with  Trilafon,  B.P. 
too  low. 

14 

13. 4M 

16/7/58 

5mg  Trilafon  I.M  12  hours  prior 
to  expt.,  5  mg  Trilafon  I.V.  just 
prior  to  nembutal,  urine  flow  low, 
used  saline  I.V.,  Ep^p  high. 

15 

20. 3M 

18/7/58 

Dog  died  during  surgery-abdominal 
infection  noted. 
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16 

10. 7F 

23/7/53 

B.P.  low,  used  saline  I.V. 

17 

10. 5F 

28/7/58 

Series  II. 

18 

17. 4F 

30-7-58 

Died  from  16  mis.  of  nembutal 
(35  mgm/ml). 

19 

16.  OF 

30/7/58 

Series  II,  5  mgm  Trilafon  I.V. 

20 

9.7F 

1/8/58 

Chemistry  all  questionable. 

21 

11.1 

11/8/58 

Series  II  -2  per  cent  saline  as 
diuretic. 

22 

3.  IF 

16/9/58 

Series  I,  part  1  and  2,  Series  III. 

23 

3.3F 

23/9/58 

Series  I,  part  1. 

24 

10.  OF 

30/9/58 

Series  I,  part  1  -anuria  after 
catheterization. 

25 

11. 7F 

7/10/58 

Dog  died  due  to  overdose  of  nembutal 

26 

9. OF 

8/10/58 

Not  sufficient  urine. 

27 

7.3F 

14/10/58 

Not  sufficient  urine. 

23 

14. 3M 

15/10/58 

Trilafon  I.P.,  Series  III. 

29 

15. 6F 

21.10.58 

Trilafon  I.P.,  water  load, 
samples  lost. 

30 

17.  IF 

22/10/58 

Ruptured  renal  vein. 

31 

15.  OF 

28/10/58 

Trilafon  I.P.,  water  load. 

Series  III. 

32 

14.  2M 

29/10/58 

Trilafon  I.P.,  Urine  flow  low,  used 

5  per  cent  saline  unsucessfully. 

33 

12. OF 

13/11/58 

Trilafon  I.P.,  Series  IV. 

34 

10.  OF 

18/11/58 

Trilafon  I.P.,  water  load. 

Series  IV. 

35 

9.1M 

19/11/58 

Trilafon  I.P.,  water  load. 

Series  IV. 

36 

11. 3M 

22/12/58 

Trilafon  I.P.,  water  load, 

Series  I,  part  1. 
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37 

9.  OF 

29/12/58 

Trilafon  I.P.,  water  load,  Series 

I,  part  1  and  2,  Series  IV. 

33 

16.  OF 

30/12/58 

Trilafon  I.P.,  water  load.  Series 

I,  part  1  and  2,  Series  IV. 

39 

7. OF 

2/1/59 

Trilafon  I.P.,  water  load.  Series 

I,  part  1  and  2. 

40 

9. OF 

2/2/59 

Trilafon  I.P.,  water  load,  xylo- 
caine  used,  B.P.  too  low  after 
meter  installed. 

41 

18.3 

4/2/59 

Trilafon  I.P.,  water  load,  xylo- 
caine  used,  animal  died  during 
attempt  to  install  meter. 

42 

10. 2F 

20/2/59 

Trilafon  I.P.,  water  load,  tried 
to  use  Arfonad,  B.P.  too  low. 

43 

8.2F 

23/2/59 

Trilafon  I.P.,  water  load,  tried 
to  use  Arfonad,  no  apparent  effect. 

44 

12.  OF 

2/3/59 

Trilafon  L.P.,  water  load,  tried 
to  use  Arfonad,  urine  flow  and 

GFR  equal  on  two  sides  after  cath¬ 
eterization,  =  0.67. 

45 

11. 7F 

4/3/59 

Trilafon  I.P.,  water  load,  tried 
to  use  Arfonad,  B.P.  too  low 
after  meter  installed. 

46 

15. 5F 

9/3/59 

Trilafon  I.P.,  water  load.  Series  V. 

47 

17. 3F 

13/3/59 

Trilafon  I.P.,  water  load,  attempt 
for  Series  V,  left  renal  venous  flow 
very  pulsatile  and  intermitant. 

43 

10. 8F 

16/3/59 

Trilafon  I.P.,  water  load.  Series  V. 

49 

9.0M 

17/3/59 

Series  V,  water  lead. 

50 

17. 2M 

20/3/59 

Water  load.  Series  V. 

51 

10.  OF 

23/3/59 

Water  load,  attempt  for  Series  V, 
dog  died  during  attempt  to  install 
meter. 

52 

23. 5F 

23/4/59 

"Water  load,  previous  surgery  on 

femoral  veins.  Series  V. 
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53 

11.9F 

25/3/59 

Water  load.  Series  V. 

54 

11. 7F 

30/3/59 

Trilafon  I.P.,  water 
died  when  left  renal 
catheterized. 

load, 

vein 

dog 
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12.  OM 

30/3/59 

Trilafon  I.P.,  water 
died  when  left  renal 
catheterized. 

load, 

vein 

dog 
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17.  OF 

5/5/59 

Trilafon  I.P.,  water 
I,  part  1  and  2,  all 
treated ' in  cold. 

load, 

blood 

Series 

samples 
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13.  OM 

7/5/59 

Trilafon  I.P.,  water 
Series  V. 

load, 

